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FE IHE Defign of the e follow: 
ing Sheets is not to de- 
ſcribe the Apparatus, or 
the Manner of performing 
| the Experiments, which 
may be niderſtood much eafier and 
better by ſeeing the Inſtruments and 
Experiments themſelves, than by all 
the Books that have been publifh'd 
in that Way; but only to ſhew- how 
the ſolid Principles of true Philoſo- 
phy are deduced from the Phenomena 
of Nature, and what Dependence of 
Particular Cauſes upon general Laws 
A  200y 
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iv The PREPAGE: 


may. be rationally coneluded from a 
cient Number of certain and: un- 


1 Obſervations. 


"Wa K is it F to treat . | 
Matter in a Pompous and Declama- 
tory Way, whereby Truths and Falſ- 
hoods are equally capable of being 
render d. plauſible, and propagated 
with 8 and which ought there- - 
fore to be rejected and deſpiſed by 
every Man who defires to diſtinguiſh 
Truth from Falſhood: But here no- 
thing more is meant, than to propoſe 
Things in the ſhorteſt and plaineſt 
Method, and to make uſe of ſuch 
Reaſonings and Arguments as are not 


applicable to any falſe Notion, or 


mere Hypotheſis, how ingenioully {o- 
ever contrived. 


. uE great Objefion 500 all 
Enquiries into Nature is, that they 
are dangerous, and many times preju- 


15 


| dicial to Religion. 


\ 


"The PREFACE. 'v © 
I take Notice of this Objection the 
rather, becauſe it 1s induſtriouſly pro- 
pagated by many Perſons who ought 
to know better; and indeed 1 am in- 
clined to think, that the chief Deſign 


of keeping up this Clamour, is to put 


a good Face upon their own Igno- 
rance. However, it is no new thing 
for Men to deſpiſe and vilify what 
they don't underſtand, whatever be 
the Reaſon of it. & 


My Lord Bacon obſerved a great 
while ago, ( Cogitata & viſe, p. 11.) 
„That the moſt troubleſome and ill 
* natur'd Enemy that Natural Philo- 
* ſophy had, was Superſtition, or a 
blind intemperate Zeal for Reli- | 
“ gion. The weakeſt of theſe 
* Objectors (ſays he) are afraid, 
* left, by enquiring too deeply into 
Nature, we ſhould exceed thoſe 
** Bounds of Modeſty and Sobriety 
*. which Gov has ſet us; hereby miſ- 


_* apply- 


L ſhut up frem Humane Underftand- 


* ful very ſolicitous, left by Natu- 


vi The PREFACE. 
e to the Secrets of Nature, 
is only true of Divine My- 


ferien, many of which are indeed 


"al ings under a Divine Seal. Others 
© more eraftily conjecture, that fo 
6+ long as Men are utterly ignorant of 
5 4 Natural Cauſes, it will be much 
eaſier to make them believe that all 
* Things are wrought by the imme: 


5 6 diate Hand of Gov, and a miracu- 


© lous Direction of Providence. Thus 
% „ they think to make a Compliment 
to the Supreme Being by Falſhood | | 
, nd Lyes. Others are afraid of 
making ; an ill Precedent ; and the 
n don't know but Alterations in Phi- 
1 hy may introduce Alterations 
8 Relleion. And laſtly, others 
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tal Inquiſitions ſomething ſhould 
*© be found out at laſt which ſhould 
* overthrow Religion. Bat theſe two 
« falt Apprehenfions ſavour very 
* much 


_—  —_—_ x 9 


« der theſe Objedtio 


6 much of Infidelity and Carnal Wiſs 


„ dom; and as to the latter, it is 


 impious to ſuppoſe, or even luſpett 
« it. It is certain't that un- 
ns, there lies con- 

4 Kealed much Weakneſs, much En- 

« vy, and much Malice“ Thus fav 
my Lord Bacon. 


Anv indeed; as to thoſe Peiſons 
whoſe chief Merit and Trade it is to 
he for God, and to accept the Perſon of 
the Moſt H. h, and a for the Sake of 


their own and Paſhans : As 
to ſuch, PÞ , 1 tay, Weir Integrity 
and Abilities to be ſo wall known 
in the World, that 1 believe go good 


Man will much Ju _ their 
Praiſe or i if 


I conclude therefore” that the Mo- 
dern Diſcoveries of the Beauty and 
Regularity of the Creation, which 
have been made by a cloſe and dili- 

gent 
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gent Attention to the Works of Na⸗ 
ture, tend more to the Advancement. 
of G ops Glory, and the Diſplaying, 
his Perfections to Mankind, than. the" 
fineſt Periods and moſt elaborate Ha- 
— of the greateſt Orator can 
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Continbiovs and MET HO DI CARE 


ACCOUNT 


0 F HE 


PRINCIPLES 


C 


Natural Philoſophy. 
eee eee N 


of NaTUAAT Purrosorux 
in general. 


INY Report of our Senſes con- 
cerning external or corporeal 
Objects is called a Phænome- 
non. 

[EEE If a Phænomenon be agree: 
able to the Rared and ordinary Courſe of 
Things, it is called a Natural . 5 
14 2 T 


B 


no 


4 


Pen e is, the moſt fimplc and free 


2. Whexefore the Cauſes of all natural 


Fire and in the Sun; of the Reflexion of 


3: Such, Properties of Bodies as are inca- 


v 


2 ules, as they are laid down by Sir 
Iſaac Newton, Princip. Lib. 4. 


the Cauſe of Reſpiration in Man and other 


and ſuch as belong to all Bodies in whichwe | 


The Bufineſs of Natural Philoſophy 184 
deduce from Experiments ſuch Laws as/the 
ordinary and ſtated Courſe of Nature is go- 
vern'd by, and to referr the natural Phæno- 
mena to thoſe Laws. 


Jn dojng this, we are to obſerve the fol- 


: 


1. No other Cauſes'of natural Things 
ought to'be admitted, but fuch as are true in 
Fact, and ſufficient to explain the Phæno- 
mena. This is agreeable to thofe receiv'd 
Maxims, that Nature does nothing in vain z 
and that it is in vain to make uſe of more 
things, where fewer will do as well: For 
Nature always takes the beſt and wiſeſt 


m Superftuity. 


Effects of the ſame kind, are the ſame ; as 


Animals; of the Deſcent of a Stone in Eu- 
rope and in America ; 6f Light in common 


Light in the Earth and in. the Planets, 


pable of Augmentation and Diminntion, 


can make Experiments, axe to be eſteem d 
univerſal Properties of Bodies. off 


. 4 
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Of the PaoPzRTLES of all Bodies: 


HE firſt is, that they are all induced 
* with Magnitude, and extended in 
Length, Breadth and Thickneſs; for where 
there is no;Magnitude, there can he no Con- 
tact. | | 2h 
2. All Bodies are hard or impenetrable ; 
for if they were not, they could not-reliſt 
the Touch, or affect gur Senſes ; even he 
ſofteſt Bodies will be found to be as hardas 
any, if we keep their Parts from flipping 
AWAY» ; 4 
; Al Matter is capable of being divided 
into Parts, that is, into Halyes, Quarters, 
which has no Parts, can have no Maguitude 
or Extenſian, and therefore. cangor be'Rae- 
ter. By being divided into Parts, we do not 
here mean the, aftual Separation of thoſe 
Parts from ach Other, but only the con- 
ceiving in the Mind ſuch Parts as are really 
wiſti rom each other. ſy I.. 5 
4. All Matter is capable of being divided 
for eyer; otherwiſe we ſhall necęſſarily come 
at laſt to ſuch Matter as cannot be divided 
at all, which is contrary to the third Pro- 
" Thar there can he zo end da dhe Hö. 
lity of Matter, is 5 certain "and caſy 2 
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be concei d. The only Reaſon why ſome 
Perſons have thought the Notion myſterious 
and inexplicgble, was, -becauſe they did not 
know how to diſtinguiſh berween a Particle | 


of a certain determinate Bigneſs, and a true 
and rea] Part in a Mathematical Senſe ; that 


is, aSit ſtands in relation to its Whole, and 


receives its Denomination (as Half, Quar- 


ter, & c.) by being compared with that great. 
er Magnitude, of which the leffer is a Part. 
By the infinite Diviſibility of Matter, is not 


meant that there ate contained an infinite 


Number of Particles of a determinative Big- 
neſs in any finite Quantity of Matter, how 
FD loever. This is abſolutely impofi- 
e. | , ba My is + 
But the only Meaning is, that no Part of 
Matter can be conceived ſo ſmall, but we 
may conceive a ſmaller; to which purpoſe 
nothing elſe is neceſſary, but to double or 
treble, G c. the Denominator of the Fraction 
by which the Part is expreſſct. 

It is not therefore at all difficult to con- 
cetve how a very ſmall Particle of Matter has 
as many Parts as a very large Body. On the 
contrary, it would be ſtrange if it ſhould be 


otherwiſe; for how can a Mountain have 
more Halves, Quarters, or Tenths, than a 


Mole-hill > - © | | 
5. All Bodies may change their Situation 


by moving from one Place to another, or 


| * "CO 
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continue in the ſame Situation by remaining; 
at Reſt in their own Places. 
6. All Matter is fluggiſh and inaQtive, and 


unable to move itſelf ; And therefore if one 


Body contains a greater Quantity of Matter 
than another, it {hall alſo have more Inacti- 
vity; that is, it ſhall require a greater Force 
to make it move with the ſame. Degree of 
Swiftneſs with which the other is made to 
Def >. ©. OR ne 

Wherefore if two Bodies move with an 

ual Swiftneſs, and meet with no Reſiſtance,” 
either the Quantities of Matter in the moving 


„ VS 


o * © , * * 
a 48 # » . } 
A 64 v4 SpacE, 
N . 1 


2 8 einn | | ma ry. 
I we conceive any one Body to be re> 


L moved or annihilated, whilſt all other 
Bodies remain ax Reſt in. their proper Places; 
that Place Which the firſt Body fill'd, ſhall 
then be void of all Matter, and capable of 
receiving, again into. itſelf eicher t ſame 
Body that was taken out of it, or any: other 
Body of the ſame Size and Shape. 

B 3 Place 


16.1 


Place void of all Matter is called Space or 
Pucuum ; concerning which there have beet 
three Opinions | 

1. That there was no ſuch thing in the 
Univerſe, whatever there might be without 

it. | 
2. That there was no ſuch thing in being, 
and that the very Notion of it implied a 
Contradiction. 

3. That tho' perhaps in Nature there 
were no large Tragts or Regions of empxy 
Space, yet that it had a great Share in the 
Teiche and | Compoſition of all Bodies that 
are Known to us, N 

Now that the Ntion of Space is not in- 
conſiſtent, is evident from the Idea that has 
. been already given of it. 

That 8 Is O08 5 Giltitet from Marter, 
and that it 445 E ſeparated from all Matter 
may be thus proved. | 

It is certain from Experiment, that if Bo⸗ 
dies deſcend in the Air, thoſe that are very 
light ſhall be ſehſibly retarded by the Re- 
ſiſtance of the Air; but in the exhauſted Re- 
ceiver of the Air-Pump, all Bodies, howſos 
ever differing in Weig *. Shape or Magni- 
tude, ſhall fall wit 5 equal Swiftnele F 

It is plain therefore, that by exhayſtin ng 
| the Receiver, the Rel ande of * A iS in 
Fa& either removed, or at leaſt fo niet Hi: 


miniſticd, as 10 be Fäden e, 
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Now the Reſiſtance made 17 any Medium 
to a Body moving in it, ariſes” either fron. 
that Force which is neceſſary to ſeparate the 
parts of the Medium, if they ate in any De- 
gree ſticking and tenacious; ot from that 
Force which, is neceſſary to overcome the 
Inertia or Inactivity of all that Part of the Me 
dium which lies in the way of moving Body, 
But with regard to the Air, che fir Kind 
of Reſiſtance is very E ; and in 
all Caſes, the ſecond kind of Rebſtance is 
proportional to the Quantity of Matter in 
che reliding Medium, as is evident from the 
ſixth Property of Bodies. 
Hence it follows clearly, that becauſe there 
is leſs Reſiſtance in the exhauſted Receiver, 
therefore there is leſs Matter, an therefore 
there is more Vacuity than there was before 


exhauſting, ; F | 
Of all Bodies, (except of the heavieſt of 
all) it may be proved from their different 
Specifick Grayities, that they have many Va- 
cuities or Pores void of all Matter inter- 
ſpers'd between their falid Parts. 
When one Body weighs more than ano- 

ther of the ſame Bigneſs, or as muchas anos. 
ther that is bigger, then the fir{k is (aid co be 
ſpecifically heavier than the tecand. OE - 
Let us 1 N for Example, a Bullet of 

4 


Lead, and à Ball of Cork, both of an equal 
Bigneſs. "Op: 1 
B 4 Nov 
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Vacuum, or where there is no Reſiſtance, it 
the Lead and the Cork begin to fall at the 
ſame time, they will move equally faſt. 
Therefore the Quantity of Matter in the 
Bullet is to the Quantity of Matter in the 
Ball, as the Force that moves the Bullet is to 
the Force that moves the Ball; that is, as the 


Weight of the Bullet to the Weight of the 
Ball: Therefore the Bullet has more Matter 


than the Ball, and the Ball more Vacuum 


than the Bullet. 


If Gold be the heavieſt of all Bodies, as 
it is of all known Bodies, then we may af- 
firm of all Bodies in general, that they con- 
tain Vacuities amongſt their ſolid Parts: For 
the Particles of Heat and Magnetiſm find an 
eaſy Paſſage thro' the Pores of Gold, and 
even Water itſelf has been forced thro! 


them. 


If we conſider how freely the Rays of 
Light paſs thro' ſo ſolid a Body as Glaſy in 
all manner of Directions, we ſhall find Rea- 
ſon to believe, that Bodies are much more 


porous than is commonly imagin'd ; ſo that 


perhaps in the heavieſt of them the Quantity 
of Space may be ſeveral times greater than 
the Quantity of Matter, 149 
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b ie Robe LEY Bark 
Of ATTRACTION and REPULSION;: 
RESIDES the inactive Principles of 
Matter and Space, there are found in 
Nature certain active Powers, or Principles 
of Motion, whereby Bodies are carried to- 
wards or from each other, according to cer- 
tain fix d and determinate Laws, which may 
be call'd the Laws, of Attraction and Repul- 
ſion. 1 »d vim 21201 
Attraction and Repulſion are not here 
conſider'd as the Occult Qualities of Bodies, 
but only as the General Laws of Nature, 
eſtabliſh'd from the Beginning by the Author 
of Nature; in Conſequence of which, Bo- 
dies in ſuch or ſuch Circumſtances are made 
to tend towards, or fly from each other with 
ſuch or ſuch Velocities. an act”. 
Attraction and Repulſion are not Occult, 
Qualities; for the Qualities themſelves, that 
is, the Tendencies of Bodies towards or 
from each other, according to cextain Laws, 
are manifeſt, plain, and certain, from a Mul- 
titude of Phænomena and Experiments. 
Nor is the Cauſe of theſe active Principles 
altogether occult and unknown; for tho“ 
perhaps it may be difficult to determine how. 
far ſome of theſe Principles may depend up- 
on any of the reſt, or whether all of them 
RE ee e 
in- 
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Principle; as yet undiſcover'd; yet this is 
moſt evident and certain, that cither theſe 
active Principles themſelves, or ar leaſt that 


more general one from whence they reſult, 


is Utogether immechanical and independent 
from Matter, and can only proceed from 
the firſt Caule and Author of all things. 
It is true indeed, that theſe Laws are” but 

nera} Concluſions, preſumed to be true 
rom an Induction of many Particulars; and 
it cannot be proved demonſtrably, but that 
there may be Exceptions to theſe Laws in 
ſome other” Particulars, which have never 
yet been tried'or obſerved,” © 


OY” then we muſt obſerye on the other 
N . ing 1 £4 KE 


I " # | 

1. Phat the Induction upon which theſe} 
eren Conelobions are Punded, is very. | 
, 

2, That we have no reafon to expect any 
thing in Nature, but what is regular and uni- 
form ; for the Creation was not the Effect of 
Chance, but of conſummate Wiſdom and 
Contriyance, whereby all things were eſta⸗ 
bliſh'd according to the niceſt Rules of 
Number, Weight, and Meaſure, that is, of 
Mathematicks. b heat 

3. That When theſe active Principles are 
calFd General Concluſions, it is only meant 
that they ſhould be pronounced General, till 
Exceptions are found out; and if ar ang e | 

oo or Tort THT ork MOT e 


9 


Ln . 
afterwards, any Exxeption Mall ogcurr from 
the Phænomenator Experiments, they ſhould 
thvtice-forwardt begie to be pronounced with! 
ſueh Exception. 
4. That th arguing by induc ion iv nor 
an abſolute Demonſtration; yet iy Natural 
Philoſophy, it is the beſt way of arguing that 
che Nature of Fhings admits of; for 95 ay 


Method more of Nature may be known, 
his actually been Hiſcoverd, chan can be 
known, or has been diſcover* @by any other” 
Method wharſoever. 

5. That nothing ean he more reeforuble 
than to argue from Effects to Cauſes, and- 
from the Ex iſtence of fach ot fuch Wioeong 
to the Forees producing them. and! 


Of the Arrzacriox of Giver One 


F is certain ſtom the Phetiomena of Na- 
ture, and wilt be explain'd 3 cu- 


larly bereafter, that as all hea Bodies near 


the Earth tend to its Cerner, vich a Force 
prope ottional to their Quant y of Matter; 
e Moon alſo tends to the Center of the 
Earth according to the fame 7 and the 
Waters of the Sea tend to the C Center of the 
Moon; and both Earth and Moon, and all 
the Planets and Comets, tend Li che 


Sub, 8 towards each other. l 


nd 


* 


" - _ 
-. ® * - 
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1 Therefore we conclude from the third 
110 Philoſophical Rule, that all Bodies within 
Wit the Solar Syſtem tend towards, or attract 
1 each other, with Forces proportional to the 
1 Quantity of Matter that each Body contains, 
i All Bodies attract mare or leſs in Propor- 
1 tion to the Quantity of Matter they contain: 
Thus the Attraction of the Sun is ſtronger, 
and the Attraction of the Moon weaker, than 
that of the Ea. CC 
For the Attraction of each particular Bo- 
dy, is nothing elſe but the Sum of the At- 
tractions of all its Parts. W 
But the Effect of that Attraction in Spheres 
that are homogeneal, at equal Diſtances from 
the Center, is the ſame as if the whole at- 
tracting Force were united in the Center of 
the Sphere, as is evident from the Deſcent of 
heayy Bodies in right Lines from all Parts 


4 


towards the Center of the Earth. | 

All Vertues or Qualities which are pro- 
pagated in right Lines from à Center, de- 
creaſe in the ſame Proportion as the Squares 
of the Diſtances from the Center increaſe ; 
as is eaſily proved both from the Nature 4 


the thing and from Experiments. 


- - 


And becauſe Gravitation is ſuch a Vertue 
or Quality as was juſt now deſcribed, there» 
fore it muſt alſo decreaſe according to the 

* — — + YT 7 2 


lame Rule. 2 
This 


This is all that is meant when it is ſaid; 
that at different Diſtances from the ſame at- 
tracting Body, the Force of Attraction are 
reciprocally as the Squares of the Diſtances. 

At all equal Diſtances from the fame Cen- 
ter of Attraction, the Force is proportional 
to the Quantity of Matter in the Body at- 
tracted, as has been already proved: There- 
| fore in all Caſes, the Attraction is as the 

Quantity of poco and the Square 
of the Diſtance-reciprocally,- - Oo 

Here it muſt be obſerv'd, that if two 
Quantities increaſe or decreaſe in the ſame 
Proportion that two other Quantittes increaſe 
or decreaſe; then the'two former are ſaid to 
be directly as the two latter, or in direct Pro- 

tion of the two lattert. 

Thus the Quantities of Matter in Bodies 
are directly as the Weight of thoſe Bodies; 
that is, as the Weight of one Body is to the 
Weight of another, ſo is the Quantity of 
Matter in the firſt, to the Quantity of Matter 
in the ſecond. ang: 

But if two Quantities increaſe in the ſame 
Proportion that two other Quantities de- 
creaſe, or if the two former decreaſe in the 
ſame Proportion that the two latter increaſe, 
then the two former are ſaid to be recipro- 
cally as the two latter, or in reciprocal Pro- 
portion of the two latter. is 52 


0 * 
* 
Sud 
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bos 91 Weig ht of Bread * 5 reciprocally 
e to he Price of Corn; that is, 

as the Price of Corn at one time is to the 

Price of Corn at another time, ſo is the 
W eight of Bread at the ſecond time to the 
W 1 of Bread at the firſt. 

If two Quantities are, proportional 0 the 

Squares of two other Quantities, the two 
former are ſaid to be in Duplicate Eroportion 

of the two latter. Thus 8 to 18 is in Dy- 
plicate Proportion of 2 to 3. 1 28 4 is to 

, ſo is 8 to 18. 

If. two Quantities are IE ST to the 
:lquare ;Rogss. of .two..other Quantities, the 
two: former are ſaid to be in, Snbgaplicate 
Proportion of the two. latter. 'Thus;8:r0.48 
is in Subduplicate Proportion of 16 to 81. 
For as 8:40:18, ſo is 4 to. 9. 

Subduplicate Proportion is nęarer to 2 

Proportion of Equality, than a ſimple Pro- 
portion; and a Simple. Proportion is nearer 
to a Proportion of Equality, than Duplicate 
Proportion. yer? 
It :wo . Quantities. are as the Product of 
| 0 Numbers to the Product of tvyo Num- 
bers, then thoſe Quantities are ſaid to be in 
Compound Proportion of thoſe. Numbers. 
Thus 6 to. 20 is in Compound Proportion 
of 4 to 8, and 6 to 0. For as 6 is to 20, 
Avis 4 t times 6 to 8 times 10. 


But 
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double to the Quantity of Matter in B, all 
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But to return to the- Attraction of Graut- 
tation, let A, B be two attracting Bodies, 


and C, D two attracted Bodies. 


1. Now if A, B are equal, and C b ae 
equal, and the Diſtance — Crom A 


to the Diſtances, of D from. B; then the 
Gravitations of O and D ſhall be equa 


J. 
2. But if the Quantity of Matter in A be 


other Circuniſtances continuing as they were; 
then the Gravity of C. ſhall be double to the 
—_ of D. 

Again, if the Diſtance of C from Avis 


to the Diſtance of D from B, £20 3, Wery 
thing elſe remaining according to the fir 
Suppoſition; then the Gravity of D ſhall be 
to the Gravity of C, as. 4 to. 


4. If A is double to. B, and C quadryuple 
to D, and the Diſtances equal; S 


vity ol C ſhall be eight times nnn 


that of D, 


5. If the Quantities. of Matter are 45 in 
* ſerdae Cale, and the Diſtances as. in the 
third; then the Gravities of C and D Hhall 


ſhall be as 8 to g. 


6. If the Quantities of Manes be as in the 
fourth Caſe, and the. Diſtances; as in the 
third; then the Gravities ſhall be as the Pro- 
duct of the Numbers 2, 4 and g, to the Pro- 
duct of the Numbers 1, 1 and 43 that is, as 
72 TO 4, Or 18 to Is 


That 
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That — of the Asa in g Force which 


- riſes from the Quantity of Matter in thi at. 
- trating Body, is call'd the Abſolute Force. 


That Increaſe of the attracting Force which 
| ariſes from the Smalneſs' of the Diſtance, is 
"call d the Accelerating Force, | 

But the entire Force of Gravity, ariflig 
1 m both the former Conſiderations, toge- 
ri with the Quantity of Matter in the Body 


attracted, is call d the Moving Force. 


At the Surfaces of two homogeneal Spheres 


of different Diameters, the Attractions of two 
equal and homogeneal Bodies ſhall be as the 
Diameters of the Spheres. 


For the ablolute Forces ſhall be 40 the 


CuVbes of the Diameters, and the accelerating 
Forces ſhall be reciprocally as the Spheres 
of the Semidiameters or Diameters ; there. 
fore the moving Forces ſhall be as the Songs 

| diameters or Diameters. 


Within the Surface of the Earth, , (uppo 
ſing it in all Parts equally denſe) or any ot 


attracting ſolid homogeneal Pere the ac- 


celerating Force decreaſes, as the Diſtance 


from the Center deereaſes; : 


For at the Center there is no Attradion at 
all; and at any Diſtance between the Cen- 
ter and the Surface, the Attraction of the 
whole Sphere is diminiſh'd by the contrary 


8 Aae * its upper Part: For it is eaſily 


he Matter 


1 . 


A 
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Matter were placed any where within a con- 
cave Sphere compos'd of attractive Particles, 
the Particle within would not be at all af- 
fected by the Attractions of the Particles 
which compoſe the concave Sphere: Where 
fore the Attractions of the Earth below. 
the Surface at different Diſtances from the 
Center, are the ſame that the Attractions of 
ſuch ſolid Spheres would be, whoſe Semi- 
diameters were equal to thoſe Diſtances; that 
is, the Attractions ſhall be as the Semidiame- 
ters or Diſtances, | 3 

Hence it follows, that the Attraction is 
ſtrongeſt of all at the Surface of the Earth; 
for below the Surface, it decreaſes with the 
Diſtance; and above the Surface, it decreaſes 
as the Squares of the Diſtances increale.. 


OF the Arrakcriox of Consion. 


IT is evident from a Multitude of Experi- 
ments, that the Parts of Matter attract 
each other with a Force different from that 
of Gravity, and of à different kind. The 
Properties of this new Attraction are theſe: 
1. The Force is by much the ſtrongeſt 
when the Parts touch each other. eg 
2. The ſmaller the Diſtance, the ſtronger 
the Attraction; and if the Diſtance be very 
ſmall, the Force is very conſiderable. 


(18 ] 

At greater Diſtances, this foe of Abe 
udien: is inſenſible. 

. Wherefore it decreaſes much more than 
as the Squares of the Diſtances increafe ; "elſe 
it would be perceivable at great DR 
as the Attraction of Gravitation is. 

5. Perhaps it may decreaſe nearly in res 
ciprocal Proportion of the Cubes of the Di- 
ſtances, and at ſome determinate ſmall Di- 
ſtance entirely ſtop. 

6. In Particles of an equal Size, the ab. 
ſolute Force of Attraction is ſtrongeſt! in that 
which contains the greateſt Quantity of Mat- 
ter; for all Vacuity is void of Attraction. 

7. Among Particles of an equal Size and 
Denſity touching each other, the Attraction 
' f ſtrongeſt where the Surface of Contact is 

argeſt. 

8. The Attraction is ſtronger between 
ſmall Particles than large, if the Particles 

are equally denſe, and the Surface of Cons 
tac equal : For the Effect of the ſame Force 
has a greater Proportion to the * and 
Inertia of a ſmall Quantity, than of a large 
Quantity. 

The Ebullitions, Fermentations, and Cry: 
ſtallizations of the Chymiſts, ate the pid 
Effects of ſuch an Attraction. 

That the Drops of Fluids endoavedit to 
form themſelves into a round Figue, is o- 


ing to the mutual Attractions of their 9 
n 


2 


© v9 fr 
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And that they are ſometimes hinder'd froni 
forming themſelves into that Shape, is o- 
ing to the Attraction of ſome neighbouring 
Body, whoſe Vertue is ſtronger than that of 
the Parts of the Fluid. 

Another manifeſt Proof of chis AttraQion 
is the Aſcent of Water in ſmall open Glaſs 
Tubes above the Level of the Water into 
which the End of the Tube is dipt. Here 
it is evident, that the Water tends towards, 
or is attracted by the Glaſs, and endeavours 
to unite itſelf to it. 

The Circumſtances of this Emile 
are worth remarking, which are theſe : 

1. In every particular Tube, the Water 
riſes to a certain Height, and then ſtops. - 

2, And in all Tubes, the utmoſt Height 
to which the Water riſes, is reciprocally pro- 
portional to the Diam — the Bore of 


the Tube, without any — tothe Thick- 


_ of the Glaſs, or the Length of the 
Tube. 

3. Whereſore in all Tubes, the Gun 
tity of the Water is directly proportional to 
the Diameter of the Tube: For we know 
from Geometry, that the Quantity of Wa- 
ter contain'd in Tubes of equal Heights and 
different Diameters, is directly proportional 
to the Squares of the Diameters. Where= 
fore if the Height be reciprocally as the Dia- 

4 £ C2 meters, 
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meters, the Quantity contain d Shall be 4 
the Diameters directly. þ 
At the greateſt Height, the w eigne of 
.the Water rafled is equal to the Attraction 
of the Tube that raiſes it. 
FJ. The Attraction which raiſes and ſup- 
ports the Water, proceeds only from chat 
Ring. of. Particles which lie in the Concave 
Surface of the Tube next above the Surface 
of the Water in the Tube: For if it pro- 
ceeded from other Particles within the ſolid 
Glaſs, the utmoſt Height.of the Water would 
depend i in part at leaſt upon the Thicknels of 
the Glaſs, and not entirely upon the Dia- 
meter of the Bow. If the Attraction pro- 
ceeded from the empty upper Part of the 
Tube, then the different Lengths of that up- 
per part would produce different Effects 
Nor can it proceed from the Attraction of 
thoſe Particles beyond which the Water has 
aſcended; for theſe Particles attract down 
wards as much as upwards, and therefore 
can contribute nothing either to the railing 
or ſupporting the Water. Wherefore the 
whole Weight of the Water that is railed, Wl 
hangs by the uppermoſt Ring of the Particles 
to which it is contiguous. 

6. Hence it is evident, that the Quantij 
of Water at the greatelt Height in every 
Tube ought to be proportional to the Da- 
meter of the Tube, as always in Fact it 4 

or 
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for the Quantity of Water ought to be pro- 
portional to the Force of Attraction, and 
the Force of Attraction is as the Number of 
attracting homogeneal Particles, and the 
Number of the attractive Particles muſt be 
proportional to the Bigneſs of the Circle 
which thoſe Particles compoſe: And it is 
certain from Geometry, that the Bigneſs of 
the Circle is proportional to the Length of 
its Diameter, that is, of the Diameter of the 
Tube. 708 F 2341 
7. Hence alſo it is proved, that this kind 
of Attraction acts only at ſmall Diſtances; 
for the whole Quantity of Water is ſuſtain'd 
by ſuch Particles as are almoſt contiguous to 
it. * Yo-2 

The Pores of a Spunge in ſucking up 
Water are in the Nature of ſmall Tubes, and 
act by the ſame Power. 1.91% „5100 

There is another Experiment upon this 
Head that deſerves a particular Explanation, 
and that is the Motion of a Drop of Oil be- 
tween two poliſh'd Glaſs Plates, touching 
each other at one End, ſo as to contain 4 
very ſmall Angle between them. Here it is 
evident. 1 ot 6 

1. That the Drop moves towards the 
Concourſe of the Glaſſes, becauſe the At- 
tractions of both the Surfaces incline that 
% 4 it©1 1 N noone 

C: | 2, That 


as? 


hu 1 — — oY * 
—— jo w - Px —: 2 
5 2 - S 7 7 - : 
2 — — 2 2 — — 7 * * 
8 Y - 


— —— 2 
— 5 — —— — —— Enid Geaggh 2E ů 
— 2 . 33 * —_ — — 5 2 . 


3 7 

* 5 

4 . 
— 


Me — ——— 
* pa 4 — * — * 
2 2994 es — — — _s 
— — 
— —— — _ - 
r — 


— 2 
— — 
< mern . 
2 —2 "i 


C22 ] 
2. That the Attraction becomes ſtronger, 
as the Drop approaches nearer to the Line of 
Contact. This appears becauſe the Plates 
of Glaſs muſt be more inclin'd to the Hort 
zon before the Attraction can be overcome, 
and the Drop made to deſcend. 

3. That if there be ſeveral Drops at an 
equal Diſtance from the Line of Concourſe, 
the largeſt moves faſteſt, becauſe the largeſt 
Drops being the flatteſt, their Surface of Con- 
ract with the Glaſſes is not only greater than 
that of the ſmall Drops, but alſo greater in 
Proportion to the Quantity of Oil. Where- 
fore many times a large Drop ſhall overtake 
a {mall one, which at firſt had got the Start of 
it by a conſiderable Diſtance, f 
4 That the Attractions of the ſame Drop 
at different Diſtances from the Line of Con- 
courſe, are nearly in a reciprocal Proportion 
of the Squares of the Diſtances of the Cen- 
ter of the Drop from the Concourſe of the 
Glaſſes : For by the ſeventh and eighth Laws 
of this fort of Attraction, the Force is in 
Proportion compounded of the Thinneſs of 
the Drop, and the Largeneſs of its Surface 
of Contact; both which are in a reciprocal 
Proportion of the Diſtance from the Line of 
Concourſe, ""_ 

Having proved the Reality of this At- 
traction, it is no difficult Matter to thew 
farther, that ſuch a Power is ſufficient to = 

Plain 
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plain how the Parts of Bodies may ſtick to- 
gether with as many different Degrees of Co- 
heſion as have been obſerved in Nature. 

Therefore by the firſt Philoſophical Rule, 
this Attraction ought to be eſteem' d the true 
Cauſe of the Coheſion of Parts, and for that 
Reaſon. it is call'd the Attraction of Cobeſion. 

Particles of Matter whoſe Weight is great- 
er than their Attraction, can produce only an 
incoherent Maſs like a Heap of Sand. 

Particles of Matter whole Attraction is 
but very little greater than their Weight, ſhall 
conſtitute a Fluid. | 

Particles of Matter whoſe Attraction is 
very much greater than their Weight, ſhall 
form a compact and ſolid Bode. 

If the Attraction exceeds the Weight of 
the Particles in a moderate Degree, they will 
compole a ſoft Body. 


Of ReeuLSION. 


W HERE the Force of Attraction ends, 
a new Force, which is that of Repul- 

lion, begins, 1 
r. If the Diſtance of two Particles be ſo 
great that the Sphere of Attraction cannot 
reach from one to the other, they ſhall fly 
from or repel each other with a Force that 
increaſes, as the Diſtance of the Particles de- 


creaſes, 
C 4 2. When 


[24 ] 
2. When a Particle that is repelVd, is 
forced within the Sphere of Attraction, it 
ſhall be attracted ; and when a Particle that 
is held by Attraction, is thrown off by ſome 
ſuperior Force beyond the Sphere of *At- 
traction, it ſhall be repell d. 7 

3. Thoſe Particles which are attracted 
moſt ſtrongly when within the Sphere, ſhall 
be repell'd moſt forcibly when without it. 

4. The repelling Force between a hard 
Body and a ſoft, is generally leſs than be- 
tween two hard Bodies, and greater than 
between two ſoft Bodies. e 
5. The Parts of a ſolid Body may be fo 
diſpos'd as to attract the Parts of a Fluid 
with great Violence, tho' the Attraction be- 
tween a ſingle Part of the Solid and a ſingle 
Part of the Fluid may be very weak, and 
conſequently the repulſive Force between 
the fluid and ſolid Body but ſmall. 

It is from ſuch a repulſive Force that we 

find it difficult to mix Oil and Water, that 
is, to make their Parts touch and attract each 
other ſo as to ſtick together. 

The Repulſion between Glaſs and Water 
is eaſily overcome, that is, it is eaſy to wet 

the Glaſs with Water, or make the Water 

ſtick to the Glaſs; but it is not eaſy to over» 

come the Repulſion between Glaſs and erude 

"Quickſilver, or to apply the Quickſilver 0 
| 4 


* 


the Glaſs with ſo tibial Fbree as is requiſite 
to bring it within the Sphere of Attraction. 


The repelling Force between Quickſilver 
and poliſh'd Steel, is ſtronger than between 


it- Quickſilver and Copper ; ; and between Quick. 
f ſilver and Copper, ſtronger" than between 
ed Quickſilver and Gold. 

From this Principle of Repulſion it is, that 


a ſmall Needle, if dry, ſwims upon the Wa⸗ 
ter; and that Flies walk upon it without 
wetting their Feet. 

Salt is ſpecifically heavier than Water; yet 
a ſmall Quantity of Salt being diflolv'd in a 
large Quantity of Water, will not ſink to 
the Bottom, but diffuſe irſelf equally thro 
the whole Maſs. Wherefore as ſoon as the 
Parts of the Salt are ſeparated by the At- 
traction of the Water, they recede from 
each other as much as poſſible, (that is; 
they repel each other, till they all and 
at equal Diſtances ) and communicate an 
equal Degree of Saltneſs to all Parts of the 
Water, 

Some Bodies are reduced by ire into Vas 
pour and Smoak, others are only melted : 
The Reaſon is, becauſe Heat is able to ſe- 
parate the Parts of ſome Bodies with ſuch a 
Force, as to drive them beyond the Reach 
of each others Attraction; bur in other Bo- 
dies, the Partieles are of a fit Size, and have 
a ſufficient Attraction to make them 
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the Agitations of Heat, without being entire 
ly ſeparated. 


I one Glaſs Priſm be laid upon another, 


the Rays of Light ſhall be copiouſly refle&. 
ed in all pg Angles from all Parts of 
the lower Surface of the uppermoſt Priſm: 
But if the Priſms are preſs d hard together, 
there will appear in that Surface a dark tranl- 

arent Spot; the Light, which was before 
reflected, being now attracted into the un- 
dermoſt Priſm, upon its near Approach, and 
tranſmitted thro it. Hence it clearly fol- 
lows, that the Priſms did not touch each 
other before they were compreſs d; and that 
therefore they were kept aſunder by a repel- 
ling Force, greater than the Weight of the in. 
cumbent Priſm. | 
. Hence it is, that if a Fluid be divided, it 
eaſily unites again, the repelling Force being 
but {mall ; but if a Piece of Glaſs be broke, 
and the Parts laid together in the ſame Or- 
der they were in at firſt, with never ſo much 
Exactneſs, yet the Repulſion is too ſtrong #0 
admitt of a Reunion. F 
Thus alſo, if hard Subſtances are pound- | 
cd to dry Powders, the divided Parts will 
not eaſily ſtick together, unleſs they are fir 
wetted with ſome Fluid, (as Oil or Water 
whole repelling Force is very weak, and a 
terwards brought together again, by graduy 


* 


+ .4 


[27] 
ally exhaling the intervening Fluid with a 
gentle Hear. 2 $1 a5 

That the Parts of Water are ſo eaſily ſe- 
parated by Heat, and rariſied into Vapour, 
is an Argument of the Smalneſs of their at- 
tracting Force; that being once ſeparated, 
they are ſo eafily condens'd by Cold, and 
turn'd into Water again, is an Argument of 
the Smalneſs of their repelling Force- 


The fifth Property of this Law of Repul- 
nd WF ſion is very obſervable in the Diſſolution of 
b Metals in their proper Meuſtruums; for 
ch Aqua Fortis meets the Filings of Iron with- 
4 cout Difficulty, and is afterwards attracted by 


the Iron with ſo much Violence, as to looſen 
and divide the Parts of the Metal with a 
great Heat and Ebullition. Us 


it When the Particles of Metals, or the like 

ng hard and denfe Subſtances, are emitted or 

e. thrown off by a. violent Heat or Fermenta» 
tion, there will be produced a Fluid; {like 


that of Air) the Parts of which will recede 
from each other as far as poſſible, and repel 
with leſs Force the farther they recede. 


d- Such Fluids as theſe are call'd Elaſticł 
il Fluids, becauſe they are capable of Conden- 
t ſation or Dilatation, as the Force that preſ- 
Y les them is greater or leſſer than the repel- 
* ling Force. | 

ly Heat and Cold paſs thro the denſeſt Bo- 
diss, and are alſo conyeyed thro? the artifi- 


cial 


28 J | 
cial Vacuum to all Parts of the exhauſted 
Receiver. Hence it appears, that the Ar 
floats in a Medium much more ſubtile than 
itſelf, which ſubtile Medium is elaſt ick, and 
remains ſuſpended in the Receiver even afte 
the Air is exhauſtet. 

T bis ſubtile elaſtick Medium (which may : 
be calbd Ather) is expanded thro the whole 
Solar Syſtem, and conveys the Heat of the 
Sun with an immenſe Swiftneſs to the mol 
diſtant Parts. 

The Rays of Light, when their Motion i 
deſtroy d, ſeem to conſtitute this Æther, or 
at leaſt to mix with it. 

If we conceive the Attraction of Gratis . 
tion towards the Body of the Sun, or any 
fix d Star, to be confin'd within the Limits 
of the relpective Syſtems of the Sun or Star, 
and that without thoſe Limits a repelling 
or centrifugal Force begins; this centrifu- 
gal Force will be ſufficient to keep the Sun 
and fix'd Stars in their proper Places, and 
hinder them from falling upon one another, 
and will be a kind of Wall or Partition 
about every particular Syſtem, and ſeems 
not to be unſuitable to the Regularity and 
Uniformity of the Works of Nature. 

Electrical Attraction and Repulſion ſeem 
to be in moſt of their — of a like 
Nature with the n ny have been 
now — d. 
grey Where- 
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Wherefore perhaps Eledrical Attraction is 


ir WY notving elſe but the Attraction of Cohelion, 


excited by a ſtrong Attrition to act with 
leſs Force in a larger Sphere. 
It is evident from ſeveral Experiment 
that in Electrical Attraction, the Particles oi 
Light and Æther are forcibly repelFd or 
driven away from the Electrical Body; and 
that this Force reaches to a conſiderable 
ſtance, but is — near the Electrica 
Body. , 1 
Hence it follows, that the Alber i is denſer, 
and its Elaſticity ſtronger, at greater Di= 
ſtances from the Electrical Body. Wherefore 
Leaf. Gold, or any other attracted Body, ſhall 
be driven from thoſe Parts where the Preſſure 
is greateſt, towards thoſe Parts where the Preſ= 
ſure is leaſt, that is, toward the Electrical Body. 
When the Leaf-Gold is forcibly emit. 
ted by ſtrong and ſmart Vibrations of the 
Electrical Body beyond the Sphere of At- 
traction, the Gold itſelf ſeems to become 
electrical, and to vibrate and repel the Æ- 
ther, till the Vertue or Motion of its Parts 
is deſtroy'd by the Contact of ſome other 
Body. Now two Bodies ſurrounded each 
with an electrical Sphere of its own, ought 
to repel each other, becauſe the Ether is re- 
pell'd by both, and condensd between em, 
and the Spheres thereby hinder d from break⸗ 
ing in upon one another. 771 


"Micn as 


SLY 
— . . PS * 
ͥj Unmmm— mr * 2 ⏑ AO 

— oa — —— — - 


— —— — 
— 
EI. — oe p-— — — 


—— — 8 er & 


— — — > OED 
— WT IR 


— 


— — — — * * 2 — 
„ — pr bs — 


* 
6 * — * 
— — > — 2 
—— 
— ———ͤ ü¹ - — — 
— 


- — 2 * 
— ——— — — —— gn — 


— 


—, 


= 


— 


* 4 _ - - — 
— + — ad PT". - 2 * 
— — - 1 — 8 We — — > _ N D 9 2 a 10 
4 Vo — — — - 2 — — , A 
Ts bo — = 5 . 8 tons — — 9 * — = m_—_ "— 2 2 n - 
— * w ha — — — * — 4 % BIO, 2. ae — — — — 
— — — — 
— - — = ——— — — R 
. — — — - 
— OSEIE : — — 
K — —— — — 
r ˙²˙¹¹imj˙ͤ ˙ůüſ .. . . ] ! ee eel t<owOC:OCRCGES — —— — _ 
by LT.” 


— de — — — 


wn GU OI as A EO / — pn PRE 2-17 r EE PO Roe; 2 arr 


— 
— — — hs 


ar 
— — — 


—— 
1 


— — — 


— i 


- _—— — — * 


— 
9 — 
— 


—— —„—6 — — — — 


MECHANICKS, 


\ \ FEchavicks is that Part of Natural Phi. 
loſophy, which treats of the Nature 
and Laws 0 Motion. : 


Of the Nature of RES and Mor1ow, 


HE Continuance of a Body in the 
ſame Place, for any Space of Time, is 
call'd Refi. 

A continual Change of Place or wat 
one Place and acquiring another, without 
remaining for any Space of Time in the lame | 
Place, is call'd Motion. 
- The Place of a Body is that _ which 
ir 8. 

A Body is faid to be in the ſame” Place 
abſolutely, when it does not paſs from one 
Part of immovable Space to another. 

A Body is faid to be in the fame Place res 
latively, when its Place keeps the ſame 8. 
tuation with reſpect to other Bodies. 

Wherefore Reſt and Motion are of two 
Kinds, Abſolute and Relative. 

A Body may be abſolutely at Reſt, _ 6 
latively in Motion ; as a Buller, if it were 
made to move jult as faſt as the Earth n moves, 
but the contrary way. 


lis 


C301 
So alſo a Body may be relatively ar Reſt; 
and abſolutely in Motion; as all things that 


are fix'd to the Earth, and carried along 


with it. Fd 
A Line drawn from the moving Body 
that way that the Motion tends,” is call'd the 
Line of Direction wha 
That Property of Motion by which the 
moving Body deſcribes a certain Space in a 


certain Time, is calbd the Swiftneſs or Ve- 
locity of the Motion. 


So long as the Velocity continues the 


W ſame, the Motion is called Uniform; when 
che Velocity becomes greater than it was 
before, the Motion is ſaid to be accelerated 


and when the Velocity grows leſs, the Mo- 


tion is ſaid to be retardedt. 


1. In two Bodies moving uniformly, the 


Velocities are as the Spaces deſcrib d in 
equal Times, or reciprocally as the Times 


in which equal Spaces are deſerib'd, ox al- 
ways in compound Proportion of the Spa- 


W ces directly, and Times reciprocally ; and 
the Spaces deſcrib d are always in compound 


Proportion of the Times and Velocities. 

2. If two une qual Bodies move uniform- 
ly with equal Velocities, the Quantixy of 
Motion in each Body is proportional to its 
reſpectiye Quantity of Matter, as is:evident 
from the bare Conſideration of the Inertia 
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© 37 If two equal Bodies movye-unifornly 
with unequal Velocities, the Quantiries\of 


Motion are as the Velocities: For à double 


Velocity cannot be impreſs'd upon an equal 
Quantity: of Matter, without a double mov. 
ing Force; and therefore the Effect, that is 
the Motion produc'd, muſt be double. 
4. Wherefore, if two unequal Bodies move 
uniformly with unequal Velocities, the Quan 
tity of Motion is in compound Proportion 
of the Quantities of Matter, and the Velogi- 
ties of the moving Bodies. This is 40 
eren to be true by Experiment. | 
The Quantity of Motion in any ove 
Body, is call d ics Momentum. 1 


of Macuives in genera,” 


EAN? Y thing by the Help of W's 
y is ider moved or hindred from 
moving, is called a Machine. 
d ie Body which is moved or bindied 
from moving, is call'd the Veigbt. That 
which moves or ſuſtains the Weight, Is pa 
the Power. | 10000 
3. By the Motion of the Wei ht, we are 
not to underſtand the Motion oa irs Center 


of Gravity in a Horizontal Line, nor the 


Cireular Motion of its Parts about che Cen- 
ter of Gravity; for in both theſe Caſes dhe 
Gravitation of the Body is no Impediment 
1 ren 


wy <7 


bl 


any thing that lies in a direct Line 


[33] 
to its Motion: But by the Motion of the 


Weight, is only meant the Aſcent or Deſcent 
of its Center of Gravity; the Motion of 


the Center of Gravity farther from or nearer | 
wn the Center of the Barth. | 


We muſt diſtinguiſh three Centers: 
The Center of Magnitude of a. Body, 


which is 4 Point taken as much a8 poſſib 6 | 
equally diſtant from all the outward Parts. 
The Center of Motion of a Body, which 


is any Point upon which the Body may reſt, 
or about which it may move. 

The Center of Gravity of a Body, which 
is a Point about which all the Parts of the 


Body balance each other; ſo that if that Point 


be made che Center of Motion, the. Body 
may be placed and will continue at Reſt in 
any Situation whatſoe ver... 

5. Sometimes theſe three Centers fall ups 
on one Point, ſometimes upon two, and 


ſometimes upon three different Points. 


6. The Property of the Center of Gravi- 
ty is always to deſcend whenſoever-it is at 


Liberty to deſcend, that is, whenſoever it is 


not ſtopped by any thing, or ſuſpended u 


thro” the Centerof the Barth and _ Center 
of Gravity. 


7- A Body cannot and, or 0 its poli- 


tion, either upon a Horizontal or inclined 
Plane, unleſs a ge et fall _ 


— 
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e Gravity, falls within the 
Ba 
8. in all Bodies thac ur ſuſpended, che 
Center of Gravity is either directly over dt 
dircaly under the Cemer of Motion. | 
9. Aunt Point of a Machine about which 
the Weight and Power move, or upon which 


they fuſtain cach other, is called the hx'd 


| Tabel! 


10. The Diſuunce from the. xd Point to 
that Part of the Machine where the Weight 
or Power is applied, is called the Diftanceat 
che Weighribr Power... | | 

11. The. Augle af A anbication; is the An. 
e made by the Machine, and the Line af 
irection atebe Weight Or Power. FL. 4 
12. Dhe Quantity of a Power is kitten 
ted by ſome determinate Force of Gravity 
equivalent thereto. Fhus a Power of ten 
Pounds, isa Power whoſe Force is ee 
the Weight lol ten Pounds. © | 
1. It is the ſame t whether a Ma- 
'chinc:be:emplay'd to lift ſome Weight, er 
to overcome ſomei Reſiſtance or Force equi- 


valent to that Weight. 


14. When the (Wantities of Motian in ale 
Weight and Power are equal, the Machine 
ſhall ſtand in ÆAquilibrio; but hen they age 
unequal, the greater Quantity of N 
mY overcome d in * Machine. 5 
om 


4k 
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15. Of Forces in themſelves equal; that 
which is neareſt to the fix d Point, is relative 


ly the weakeſt upon the Machine ; for as the 


Machine works, the neareſt Force moves the 
ſloweſt, and therefote has the leaſt Quantity 
of Motion; WS Up I + 

16. The Effect of any Force upon a Mas 
chine will not be changed, if without charig- 
ing the Line of Direction, we only place it 
in ſome other Point of the ſame Line. 

17. Hence it follows, that if the Angle of 


Application be oblique, and a Perpendicu- 
lar be let fall from the ix'd Point to the Line 


of Direction, the Force ſhall be no greater 
upon the Machine, than if it were applied 
at Right Angles at the End of the Perpendi- 


cular, 


1 


perfect, and moving without Friction. 


19. The Nature of any Machine is ex- 


plained, when it is known.in what Circum- 


ſtances the Weight and Power will be in 


Fquilibrio upon that Machine. 


20. In any Machine whatſoeyer, the 


Weight and the Payer will be in Aquilibrio, 
when their Quantities are in reciprocal Pro- 


portion of the Velocities, which the Work- 
ing of the Machine would give them; for 
they will be in ZEquilibrio, When the Qyan- 


tity of Motion is equal on each fide; No 


D 3 a 


- 


18. In treating of Machines, we ate to 
conſider them as mathematically exact and 
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the Quantities of Motion are in compound 
Proportion. of the Velocities and Quantities 
of Force. Therefore when the Quantities 
of Force are reciprocally as the Velocities, 
the Quantities of Motion ſhall be equal. 


Of the SrueLE MacniNnes.. 
Balance is nothing but a rigbt Line 


A moving freely upon a fix'd Point. The 
Equilibrium will happen at all times, when 
the Quantities of the Power and Weight are 
reciprocally as their Diſtances. | 
One Weight may be in /Equilibrio with 
one equal or unequal Weight, or with ſe⸗ 
veral equal or unequal Weights ;- and ſeve- 
ral equal or unequal Weights may be in 
ZEquilibrio with an equal or unequal Num- 
ber of other Weights. For 'if the Sum of 
the Products of each Weight, multiplied: in- 


to its reſpective Diſtance on one ſide the Ba- 


lance, be equal to the Sum of the like Pro- 
duds on the other fide, the Quantities of 
Motion ſhall be equal on each fide. 5 
Thoſe Weights which are in Æquilibrio 
upon a Horizontal Balance, will remain in 
ZEquilibrio when the Balance is inclined, pro- 
vided the Lines of Direction continue pa- 
rallel to each other. 1 
When an inclined Balance returns to 4 
Horizontal Situation, the Reaſon is W 
f a e 


— by 
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the common Center of Gravity of the Ba- 
lance and Weights falls below the fix d 
Point, potty, Hes | , 

The Statera Romana, or Steel-Yard, is a 
Balance with unequa] Arms; the common 
Scales is a Balance with equal Arms. 

Falſe Scales are diſcovered by changing 
the Weights from each Scale to the other. 

If by falſe Scales, the Seller will gain ene 
Ounce in ſixteen; then by changing the. 
Weights, the Buyer ſhall gain one Ounce 
and F of 'an Ounce over. "Ig 

A Leaver differs from a Balance only in 
the Manner of uſing it. Leaversare of four 
Kinds: * 

1. When the fix'd Point is between the 
Weight and the Power. WE 
2. When the Weight is between the fix'd 
Point and the Power. "ENF" 

3. When the Power is between the fix d 
Point and the Weight, 7 8 | 
+ When the Diſtance . of the Weight, = 
makes an Angle at the fix'd Point with the 
| Diſtance of the Po We.. RK 
In all the four Kinds there will be an E- 
quilibrium, when the Forces are in reciprocal. 
Proportion of their Diſtances. 
A compound Leaver is eaſily explained 
upon the ſame Principles. 3 
If a Power is to ſupport two Weights. 
hanging at the End of a Leaver, the Power 
D 3 muſt 


- 
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muſt be equal to the Sum of the Weights, 
and placed between them, ſo that the Pi- 
ſtances ſhall be reciprocally as the Weights: 
For in this Caſe the Power is in rhe Place of 

a fix*d Point, 9 
If the Weights at the End of the Leaver 
be conſidered as Powers, and the Power be- 
tween them as a Weight it will ealily be 
perceived, that when 4 Weight upon Les. 
ver is to be ſapported' by a Power at each 
End, the Sum of the Powers muſt be equal 
to the Weight, and the Powers muſt be to 
each other in reciprocal Proportion of their 
Diſtances from the Weight, i 
The third, Simple Machine is the Pulley. 
That Pulley which the Rope runs over, is 
call'd an Upper Pulley; that under which the 
Rohe runs, is call'd a Lotuer Pulley. 
An Upper Pulley alters the Direction of 
the Power, but is of no farther Service; for 
| upon the turning of the Pulley, the Veloci- 

| ties of the Weid t and Power are equal, and 

| conſequently their Quantities muſt be equal 

to conſtitute an AXqulibrigm. © 

With a ſingle lower Pulley, the Power 

moves twice 'as faſt as the Weight; "and 

| | . to make an Equilibrium , "the 

| Weight muſt be double to the Power, © 

| The Smalneſs or Largeneſs of the Pulley 

| makes no Alteration in this Rule, 19 
; 
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In any Combinarion of Pulleys Where 
hep all communicite. with one another, rlie 
Hqnilibrium will be, when tile Power is to 
the Weight, as One to the Number of Strings 
at the lower Pulteys; for it is evident that 
the Velocities are in that Propbrrion, be- 
cauſe every String at the lower Pulleys mult 
ſhorten, juſt as much as the Weight riſes; 
and the Power möſt deſcend, as'macts as is 
the Sum of the Shortnings of ald the 
Strings; 

In' 4 Combigatinl of ſeparate: Pulleys; 
where each lower Pulley has its on peeus 
liar String, the Power müſt be to ie Weighs, 
as One is to the Number PW O continualt 


doubled as many times as there are lower 


Pulleys. 

In all Caſes, Aw ic muſt be Made fot 
the Weight of the lower Palleys.. 

The next Simple Machine is the Wheel 
and Axel: And here there will be an ꝗui- 
librium when the Power is to the Weighr, as 
the Radius, of the Axctis' to the R 4 llus of 
the Wheel. | 

But if the Thickneſs of the R Rope be 06H! 
ſiderable, the Semidiameter of th&'Rop c 
muſk be added both to the Rau of this 
Wheel and to the Radius of the Axel. 
When the Rope begins to cover the Axel a 


ſecond time, three times the Semidiameter of 


the Rope muſt. be added to the Rady of 
D 4 the 
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the Axel: When the Rope begins to eover 
the Axel a third time, five times the Semi. 
diameter of the Rope muſt be added to the 
Radius of the Axel, 98 8 

Wherefore if we would work. 50 Machine 
always with the ſame Velocity, the Power 


muſt be increaſed gn time the ops! Ie» 
cedes from the Axel. 


chine; a IN 

If a Weight be raiſed with an uniform Mo- 
tion upon an inclined Plane, the Power that 
raiſes it muſt move the whole Length of the 


inclined Plane; but by the third Article of 


Machines in general, the Motion of the 
Weight is the Aſcent of its Center of | Gta» 


vity : Therefore the Velocity of the Power 
is to the Velocity of the Weight, as the 
Length of the Plane to the perpendivutgy 
Height of the Plane, 

Wherefore there will be an Æquilibrium 
upon the inclined Plane, when the Power 
which acts parallel to the plane, is to the 


Weight, as the perpendicular Height of the 


Plane is to the Length of the Plane. 


The whole —— with which a. Weight 
deſcends in a right Line towards the Cen- 


ter of the Earth, is call'd the Abſolute Gra- 
vity of that Weight. 


The diminiſh'd Force with which a Weight 
deſcends upon an ye Plane, in M obe 


4 lique 


An inclined Plane is the laſt Simple Mas 


[48 ] 


lique Line towards the Center-of che 
is call'd the Relative Gravity o that Weight 
on the Plane. 
If a Plane be perpendicular, the Relaive 
Gravity upon it is equal to the Abſolute Gra- 
vity ; but if a Plane be een chere i is 


no Relative Gravity at all. 

To move a, Weight n a Horizoneal 
Plane with any Velocity, there is nothing 
wanting but a, Force ſufficient to overcome 
Friction and the Inertia of Matter. 

A Screw is nothing. elle but a'$ viral in- 
clin'd Plane encompaſſing a Cylinder and 
therefore if the Power be tothe Weight, as 


the Length of the Arbor to the Lengrh of N 


the Thread of the Screw, there mall be * 
Aquilibrium. 


A ReQangular Wedge i is nothing but an 


inclined Plane, where the Power muſt be 
conceiv d to move ſo far as the Wedge en- 
ters; and the Weight muſt be conceiv'd. to 
move ſo far as the Parts of the Wood are 
ſeparated by the entring of the Wedge. 

Wherefore to make an Aiquilibrium, the 
Power muſt be to the Weight, as the per- 
pendicular Height of the . to the 
Length of its Rafe. 

A Wedge in the common Form is no- 
thing but two Rectangular Wedges joined to- 
gether at their Baſes; and therefore the 
Power and Weight in /£quilibrio will be to 
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ene-orher, as'the-Thickneſs of U the Buck of 
the Wedge i is to the perpendicular Length of 
the Wedge meaſur'd from the dividing Edge 
60 che Back. 

In like manner, the Nature of all 000 
. Machines is eaſily demonſtrated; fot 
we have nothing elſe to do bur to compute 
what would be the Proportion of the Velo. 
cities of the Weight and Power, and to take 

their Forces in reciprocal Proportion of thole 
Velocities, 

AM theſe Rules are demonſtrated te be 
true from the bare Conſideration of the Na: 
tare of Motion in general; and therefore ff 
a" Machine differs from the Rule, (as alk Ma. 
ckines will differ more or leſs) the Differ. 
ence muſt be aſcribed to Friction and the Re. 
fiſtance of the Medium, or ſome Irregula- 
riey in the Structure of che Machine, or E. 
perfection i in the Materials 

A more full and particular Account both 
of Simple and Compound Machines, m 
be ſeen in the little Treatiſe of Mechanick 
publiti d T7 Mr. Watts. 
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of . 161 of Moste 


2 Laws relate to — Effetis of 
Moving Forces, upon ſuch Bodies a8 
are at Liberty to > move without dex, err 
or Reſiſtance. 


The fiſt” Ln'w of Morro. 


LL Bodies perſevere io their” State of 
Reſt or uniform Motion in à right Line, 
unleſs by ſome impreſſed: Forge" rhey are 


made to change that Stare. | 
We know by Expetience, chat it require 


the ſame Forces eo deſtroy Motion as to ꝑ 
duce it; therefote as al Bodies are in 
to they can neither move, unleſs they * 
moved; nor ſtop, unleſs they are 
by ſome Force impreſſed upon them. 

AlE Motion is in es own Nature perpetual ; 


but no Motion, how artfully ſoever: con- 


trived, ean be in Face pe rpetual, beeauſe o 
the Reſiſtance of the Medion. 1 10 1 

If a Body is itipel'd at che ew ti 
two equal Forces in contrary Directions, the 
Forces will deſtroy each others Bret, and 
the Body will remain at Reſt detween them. 
And if a Body remains at Reſt between two 


Forces 


| 
| 
| 
| 
| 
| 
| 


given Forces acting upon the ſame Point at 


as F 8 «6 *-s 4 4 v» 44, 445, 
[ 5 | | | 
* ] 


Forces that act upon it in contrary Dire- 
Rions, thoſe Forces ſhall be equal. © 
If the Forces are unequal, the Body will 
move in the Direction of the ſtrongeſt Force, 
in the ſame manner as if it were impell d by 
a Force equal to the Difference of thoſe rio 
Forest 11th 2, | 


If the Sides of any Parallelogram repre. | 


ſent the Proportion and Direction of two 
Forces acting upon the fame Body at the 
ſame time, the Diagonal of that Parallelo- 
gram ſhall repreſent the Proportion and Di- 
rection of a ſingle Force, equivalent to both 
the former. Je rn a2 
Upon this Principle any ſingle Force may 
be refolv'd into many; and any Number of 


the ſame time, may be reduced to one. 
A moving Body cannot be made to de- 
ſcribe a Curve Line by any one Impulle 
whatſoever. - Nenn 1 
If a Body having received one Impulſe 
moves in the Circumference of a Circle, it 
is attracted towards the Center of that Cir+ 
cle by a Force ating upon the Body every 


inſtant of its Motion: For in every Part of 


the Circumference, the revolving Body for- 
ſakes the right Line of its preſent Direction, 
and approaches towards the Center of the 
Circle. 12 l 
G Thus 
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Thus a Stone in à Sling revolves about 
the Hand, till the String is let go, and the 
Attraction ceaſes; then it immediately flies 
off in a Tangent to that Point of the Cir- 
cumference in which the Stone happens to 

Here are four Things to be conſidered: 

1. The original Impulſe of the Stone. 

2. The continual Attraction which draws 
away the Stone from moving in a right 
Line. This is calPd rhe Centripetal Force, 
that is, the Force which carries the Stone 
towards the Center. | * 4638 

3. The conſtant Tendency of the Stone 
to fly off in a Tangent, which ariſes from 
the Continuance of the Effect of the origi- 
nal Impulſe, according to this firſt Law of 
Motion. This is calFd the Projectile Force. 

4. A certain Force which balances the 
Attraction, and prevents the Stone from fall- 
ing to the Center. This is caus'd by the 
continual Effott which the Stone exerts to 
fly off from the Center in a Targent, and it 
is call'd the Centrifugal Force, that is, the 
Force which carries the Stone from the Cen- 
ter. 

The Centripetal and Centrifugal Forces 
are always equal; for they act in contrary 
Directions, and deſtroy each others Effect, 
ſo that the Body ncicher flies off, nor falls in, 
but is carried on in its own * 

T 
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Thus in the Sling, the Stone and the Hand 
pull againſt each other with an equal Foree, 
= String being equally ſtretch'd between 
them. 199 N nen © 718) 
If the Attraction continues the fame, 
whilſt the Centrifugal Force becomes greats 
er, the revolving; Body thall-recede-fromithe I 
Center; but if the Attraction continues the 
ſame, and the Centrifugal Force becomes 


| 
j 
| | leſs; the revolving Body ſhall approach to- 
| wards the Center. If the Attraction entire. 
ly ceaſes, the Body ſhall fly off in a Tan- 
| gent; and if the Projectile Force be quite WF i 
i deſtroy'd, the Centrifugal Force conſequent- t 
|! ly ceaſing, the Body mall fall in a direct BY : 
| Line ro the Center. | "i 
Of the Motions, Dis TAN cEs, am Wl * 
© PerILoODs of the PLanets. Ml 


THE Planets, if we conſider only their WW | 
mean Motions, Diſtances, and Periods, WW | 
are Bodies, uniformly. revolving in circular 
Orbits, whoſe common Center is the Sun. 
That the Planets are not carried round hy 
Vortices, is evident, becauſe being denſer 
than the Fluid of the Vortex, they could 
not revolve in an Orb, but muſt perperually 
fly off from the Sun in a Spiral: For when 
two Bodies, whether ſolid or fluid, may 
Ak | about 


47 ] 
about any Point as a Center, the denſeſt 
Body has always the greateſt Centrifugal 


Force. 

That there are neither ſolid Orbs nor Vor- 
tices in the Solar Syſtem, is evident from the 
Motion of Comets which traverſe the Orbs 
of all the Planets almoſt in a right Line. 

That the Reſiſtance of the Medium, in 
which the Planets move, is inconſiderable, & 


evident from the Continuance and Regula- | 


rity of their Motions for ſo many Ages. 
That the Planets are attracted by the Sun, 
is evident, becauſe they continually forſake 


the right Line of their preſent —_—_— 


and approach towards the Sun. 

That the Planets have alſo à Projectile 
Force, is evident, becauſe they earn rend 
towards the Sun in à riglu Line. 

This Attraction and Projectile Force is ſuſ- 
ficient to explain the Motions of the Planets. 

The Periods (in Hours) and Diſtances of 


the Planets from the Sun (in Miles) are as 


follows: 


Periods. Diſtances. 


Saturn, 158232 667, 664200 
Jupiter, 103980 364,081 200 
Mars, © 16488 + 106,679300- 
The Earth, $766 79,000000 
Venus, 5393 504633400; 
Mercury, 2111 27,0 97000 


There 
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There is a wonderful Harmony, which | 
was firſt obſerved by Kepler, between the 


Periods and Diſtances of the Planets; f61 
the Squares of any two Numbers in the fir 


Now all Bodies muſt of nbce ity obſerve 
this Law, if they revolve in Circles about 
one common Center, by means of a Cen- 

trĩpetal and projectile Force. ' 

For the following Rules concerning Cen- 
tripetal Forces are not only demonſtrable 
Gcometrically, but arc alſo proved by Ex- 


perĩiment. 
1. That if two Bodies revolve about dif. 


ferent Centers, and if the Diſtances and Pe. 


riodic Times are equal, the Centripetal 
Forces ſhall be as the Quantities of Matter 


in the 3 Bodies. 


2. That if the Quantities of Matter and 


the Periodic Times are equal, the Centri- 
petal Forces ſhall be as the Diſtances. | 

3. If rhe Quantities of Matter and Di. 
ſtances are equal, the Centriperal Forces ſhall 
be as the Squares of the Periodic Times re- 
ciprocally, or as the I of the Yeloe- 


4. if 


ties direct N 


Column, are proportional to the Cubes d 
the correſpondent Numbers in the ſecond 
Column that is, the Squares of the Period. 
dic Times are as the Cubes of the Di. 
ſtances. 
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4. If the Quantities of Matter and tlie 
velocities are equal, the Centripetal Forces 
ſhall be as the Diſtances reciprocally, © 

F. Wherefore if only the Quantities of 
Matter are equal, the Centripetal Forces 
all be in compound Proportion of the Di- 
ſtances reciprocally, and the Squares of the 
Velocities direaly, 

The ſame Rules are eaſily proved Geo- 
metrically; for when the Quantities of Mat- 
ter are equal, the Centripetal Forces are 


as the verſed Sines of the Arches, which Bo. _ 


dies deſcribe in any given Inſtant of Time; 
but the verſed Sine of any Arch is equal to 
the Square of the Chord of that Arch, di- 


vided by the Diameter of the Cirele; and 


in very ſmall Arches, the Chords and the 
Arches are equivalent. Therefore the Cen- 
tripetal Forces are as the Squares of the 
Arches, divided by the Diameters of the 
Circle. Therefore the Centripetal Forces 
are as the Squares of the Velocities directly, 
and as the Diameters or Semidiameters re- 

ciprocally. | 25 1 
From the three firſt Rules it follows, that 
in all Caſes the Centripetal Forces are in 
compound Proportion of the Diſtances and 
Quantities of Matter directly, and the 
Squares of the Periodic Times reciptocally. 
Now it has been already ſhewn concerns 
ing the Attraction of Gravitation, that the 
E Force 
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Force is in all Caſes as the Quantiey of Ma: i 
tet directly, aud the Squares of the Din : 
rFclprogilye LY 0 1 
| Wherefore if from both theſe Expreſſion : 
of die lame Force we take 4 way the Quay 
tity af Matter, and add to both che Square BY 
ol the: Radiur and the Square of che ben ; 
odic Times, it will appear that the 3 | 
of the Perigdic Times ate as the Cybg d L 
the Diſtances. 5 
Therefore an ; artraQting and projet . 
Force acc — to explain the Mationsof Bl © 
the Planets in their Orbs; and conſequem, = . 
by the chird Philoſophical Rule, thoſe Force Wl © 
ate the true natural Cauſes; of the: Planes BY * 
Motions. = * 

We candot WE de ſure that: che Di Ez 
ſtances of the Planets contain juſt, ſo many i 
Miles as arc aſſign d to each in the foregoing W 
Table ; but yet Geometty will: aſſurg us, W 
that thoſe Numbers in the Table exprels the 
true Proportions of the Planets Diftanges; We 
vehich is as ſufficient for our preſent Purpdle, 
as if they expreſſed the real Diſtances chem. 
ſelves. 

The Moon revolves abou, the Earth from 
the ſame Cauſes that the Earth aud ler 
Planets revolve about the Sun, that ig, U) 
means of à Proiectile Force and à Gente 
petal Force, which tends to the ms of, the 


Earth. 
Jul 


— 
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upiter has four Moons of Satellites, In 


1 all which the Squares of the Periodic Times | 
© ice proportional to the Cubes of their re- 


ſpective Diſtances from that Planet. Where- 


ore the Revolutions: of theſe Satellites, or 


; Secundary Planets, ate of the ſame Nature 


wich the Revolutions of the Primary Planet 
about the Sun; and therefore, by the ſecond 
Philoſophical Rule, wWe ought to aſſign the 
ſame Cauſes to both | 

The ſame is to be underſtood of Saturn 
and his five Moons. 

Each Planer has not only a progreſſive Mo- 
tion in its Orbit, but alſo a Motion of Rota- 
tion about its own Axis, which occaſions an 
alternate Suceeſſion of Night and Day to all 
its Inhabitants, if it has any. 

The Sun himſelf in the Center af the Sy- 
ſtem turns about his own Axis, finiſhing one 
Revolution in twenty five Days and a quar- 
ter. 

The Circuit of the Earth's Equator is 
about 24000 Miles, and therefore at the E- 
quator the Diurnal Rotation is at the rate of 
1000 Miles an Hour; but the Earth's' pro- 
greſhve Motion in her Orbit is about fifty 
times as faſt. 

The Diurnal Rotation in the Parallel of 


London is at the Rate of 621 Miles an 
Hout, 


E 3 Thy 


[ 
Tho the Earth's Diurnal Rotation be ve- 
ry ſwift at the Equator, yet it produces but 
a {mall Cencrifugal Force, (as appears from 
the th Rule conceraing Centripetal Forets) 
becauſe the Diſtance from the Center is ve- 
ry great, almoſt 4000 Miles. 
Wherefore ſuch Bodies as lie looſe: upon 
the Surface of the Earth, will not be flung 
from it by the Diurnal Rotation; becaule, 
as Sir Iſaac Newton has computed, the 
Weight of each Body is 289 times greater 
than its Centrifugal Force at the Equator. 
From this firſt Law of Motion and its Co- 
rollary, it alſo follows, that Bodies flung in- 
to the Air, will in Appearance aſcend and 
deſcend in the ſame manner, ſuppoſing the 
Earth to move, as they would do ſuppoſing 


che Earth to be at Reſt. - 


| The Second Law of Moriox. 


T H E Alteration of Motion is always 
proportional to the moving Force im- 
preſſed, and in the ſame Direction in which 
tliat Force is impreſſed 
The firſt Law regards only ſuch Motions 
as are uniform; the ſecond relates to ac 
celerated and retarded Motions. | 


ebe 1 


of 


the Deſcent of Heavy Bodies in a 1 
T direct Line. „ ee 


| F a Body be made to move by any Force 
in any Direction, and be accelerated by 
the ſame Force in the ſame Direction every 
Inſtant of its Motion, the acquired Veloci- 
ties ſhall be as the Times computed from 
the Beginning of. the Mation. For if we 
conceive Time to be divided into. infinitely 
ſmall Parts, which may be call'd Irzſtants 
the Number of Accelerations ſhall be equa 
to the Number of Inſtants; and therefore 
the Sum of the Inſtants, that is, the whole 
Time, ſhall be proportional to the Sum of 
the Accelerations, that is, to the laſt Velo- 
city. | N | 
The Motion of a Body deſcending by its 
= own Weight in a right Line near the Surface 
of the Earth, is ſuch a Motion as is here de- 
ſcribed. For tho” the Force of Gravity does 
indeed increaſe, as the Body deſcends; yet 
is that Augmentation of the attracting Force 
inſenſible and inconſiderable. 8 
If a Body falls from à certain Height, and 
then moves uniformly with the laſt acquired 
Velocity, it ſhall move twice as far as it fell 
in the ſame Time that it fpent in falling. 
For Example, let us ſuppoſe the Body to 
ſpend fix Inſtants in its Fall, and to acquire 
. 


[54] : 

fix Degrees of Velocity, it is certain that th 

Line deſcribed in deſcending may fitly'bees, 
reſs'd by the Sum of the following Num, We 
ers ; | 


, 1, — 3 +, 1, 6 


And the Line deſcribed by the uniform M 
tion, may fitly be expreſs'd by the Sum d 
the following Numbers ; 


6, 6, 6, 6, 6, 6, 6 


Now the Sum of the laſt Series of Num. 
bers is juſt double the Sum of the gelt Series, 
And the ſame thing will happen in all Cales 
Wherefore if a Body that has fallen ftom 
a certain Height moves uniformly with halt 
the laſt Velocity, it ſhall move juſt as far az 
it has fallen in the ſame Time that c Ipent 
in falling, Saad 
Thus the accelerated Motion of falling 
Bodies is reduced ta the Caſe of an uniform 
Motion. Now in all uniform Motions, the 
Lines deſcribed are in compound Proper 
tion of the Times and Velocities, by the 
firſt Rule concerning Motion and Reſt in ge: 
neral ; But in the Caſe of falling Bodies, the 
Times are in the ſame Proportion with the 
Yelorkies ; therefore the Lines deſcribed by 
falling Bodies are as the Squares of the 
Times, 3 
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Thus if the Time of falling be double, 
half the laſt Velocity ſhall he double 3 and 
twice the Velocity in twice the Time will 
carry the Body four times as far. 

Bodies are obſerved to fall about x6 Feet 
in a Second of Time; thet-fore in 10 Se- 
conds they will fall 1600 Feet, and in 66 
Seconds 57620 Feet. 

The Times or the Veloeitiez of falling 
Bodies are in ſubduplicate Proportion, or as 


their Fall. 
If a Bullet be ſhot directly upwards, the 
Motion will be contingally rerarded by the 


Sion, till at laſt the whole Motion is de- 
ſtroy'd; chen the Bullet ſhall begin to fall, 
= 32nd the Motion ſhall be accelerated in the 
= ſame Time and in the fame Manner as it was 
before retarded. 

Wherefore the Velocities of the Buller 
aſcending and deſcending ſhall be equal at 
equal Heights in all Parts — the Line. 

If ſeveral Bullets are ſhot directly upwards 
with different Velocities, their greateſt Alti- 
tudes ſhall be as the Squares of F choſe Velo- 
cities; for in every Bullet, the Line of 
Aſcent and Deſcent is the fame, and the firſt 
Velocity aſcending is equal to che laſt Velo- 
city 1 But us Lines of Deſcent 


are as the Squares of the laſt Velocities 
E 4 deſcend- 


the ſquare Roots of the Lines deſeribed by 


Attractions of Gravity in a contraty Dire- 
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deſcending ; therefore the Lines of Aﬀcent 
are as the Squares of the Velocities aſcend. 
ing. . 


Of the Motion of PROJECTILE, 


F a heavy Body be thrown in a horizon. 
tal or oblique Direction, it ſhall aſcend or Ra. 
deſcend juſt as it would do if it had no pro- cot 
greflive Motion; and it ſhall at the ſame 
time advance by the progrefſive Motion, juſt Wh at 
in the ſame Manner as if it did not aſcend 
or deſcend at all. > 
Wherefore all Projectiles near the Surface 
of the Earth deſcribe Parabolas, from the 
Properties of which Figure the Rules of 
Gunnery may be demonſtrated Geometrical- 
ly, as they are alſo ſhewn experimentally tir 
(making Allowance for the Reſiſtance of the 
Air) to be as follows: | © 
1. The greateſt Random is at the Eleva- 
tion of 45 Degrees. = 
2. If two Elevations are taken at equal in 
Diſtances from 45 Degrees, one above, and 
the other below it, the Ranges ſhall be equal, 
3. The greateſt Altitude of a perpendicu- 
lar Projection is equal to half the greateſt 
Random. Theſe three Rules will be de- 
monſtrated Geometrically when we come to 
treat of Spouting Fluids. | 


mo. 
f . = 
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4. Wherefore as 16 Feet is to one Second 


Jof Time, ſo is half the greateſt Random to 


PWW 8 


a fourth Number; the ſquare Root of which 
is the Number of Seconds ſpent in the Fall 
Jof the Projectile from its greateſt perpendi- 
cular Height at 90 Degrees Elevation. 


5. If the Number of Feet in the greateſt 


Random be divided by the Number of Se- 


conds found by the laſt Rule, the Quotient 


ſhall ſhew. the Velocity of the Projection, or 


at the rate of how many Feet in a Second 
the Body would be carried by the impreſſed 
Force alone, according to the firſt Law of 
Motion: For in a perpendicular Projection, 
the laſt deſcending Velocity is-equal to the 
Velocity 1 at firſt, and would carry 
the Body by an uniform Motion, in the 
time of its Fall, twice as far as it deſcend- 
ed, that is, once the Length of the greateſt 
Random. | | 

Thus the greateſt Random of a Minion is 
about 29300 Feet: Wherefore the Velocity 
impreſſed is almoſt 950 Feet in a Second of 
Time. 

When Projectiles are thrown into the 
Air, the greateſt Random is at the Elevation 
of 44 Degrees and a half ; the lower Ranges 
go farther than the upper correſpondent 


Kanges, and the greateſt Height of the per- 
pendicular Projection is more than half the 
Steateſt Random, All theſe Irregularitics 


are 
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are occafion'd by the Refiſtance of the Me. (i 


1 dium. 
[| AIP. d 
* Of Res15TinG Mebriuns. | Ib: 
| If THE Refiftance of Mediums ts propor. WW c 
i tional ro the Quantities of Motion WS « 
| which Bodies moving therein, loſe many BY 1 
given Inſtant of Time. = 
There are two Sorts of Reſiſtance ; on Wil \ 
that ariſes from the Tenacity of the Medium, v 
or the Friction and Attrition of its Parts; t 
another that is owing to the Inertia of Mit BW © 
ter. fe ie <0 | TT JI 
 Fhe firſt Kind of Reſiſtance in any ob 
Fluid will always be proportional to n 
Number of Parts of the Medium, Which 8 | 
the moving Body ſeparates in a given M BF 1: 
of Time. Therefor: the Reſiſtance of en 
ſame Medium to the fame Body moving ]] \ 
different Velocities, ſhall be as the Velocity Bw {} 
of the Motion; and the Reſiſtance of n 
fame Medium to different (ſpherical) Bod By D 
moving with the fame Velocity, ſhall be *l 
the Diameter of the Body; for it malt e © 
proportional to the Surface of that Part A ti 
the Medium which is diſplaced by the s 
ing Body. This Reſiſtance therefore in D 
Caſes is in compound Proportion of i 
Velocity and Diameter, : a f . 


3 5 
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The other Kind of Reſiſtance" is propor- 1 
tional to the Quantity of Motion, which the i 
Medium receives from the moving Body in 
2 given Inſtant of Time. Thos 
Therefore if equal Bodies move with 
equal Velccities in different Mediums, this 
ſort of Reſiſtance ſhall be proportional to the 
Denſity of the Medium. If equal Bodies 
move in the fame Medium with different 
Velocities, it ſhall be as the Square of the 
Velocitics ; for the Velocity impreſs'd upon 
the Parts of the Medium, and the Number 
of Parts of the Medium upon which the 
Motion is impreſsd in a given Inſtant, are 
both proportional to the Velocity of the 
moving Body: Therefore the Quantity of 
Motion impreſo'd is as the Square of the Ve- 
locity. But if unequal (ſpherieal) Bodies 
move with the ſame Velocity in the ſame 
Medium, it is evident that the Reſiſtance 
mall be as the Area of a great Circle of the 
moving Sphere, that is, as the Square of its 
Diameter. N 
= Wherefore in all Cafes, this ſecond Kind f 
of Reliſtance will be in compound Propor- 1 
din of the Denſity of the Medium, and the 
Square of Velocity and the Square of the 
Diameter of the moving Body. 
k a heavy Body deſcends in a reſiſting 
Medium, the Motion ſhall be accelerated, 
bot not in the ſame manner as in * ; 
he 
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for in Vacuo, every Inſtant of Time produ- 
ces an equal Acceleration; but in the Ar, 
the Accelerations decreaſe continually, be- 
cauſe the Reſiſtance. increaſes as the Square 
of the increaſing Velocity. 1 
If a Body be thrown downwards, with 
ſuch a Velocity as ſhall make the Reſiſtance 
of the Medium equal to the Acceleration of 
Gravity, it will move on with an uniform 
Motion, according to the firſt Law. 
The Velocity of a Body deſcending by 
its own Weight only in a reſiſting Medium, 
is always leſs than that Velocity which pro- 
duces the uniform Motion, but continually 
approaching towards it. le... 
Hence it is, that tho in Vacuo all Bodies 
deſcend equally faſt, yet in reſiſting Mediums 
the heavieſt fall faſteſt, "i 


Of the Motion of the Mo on and 


TE IDE S. n 


Hine ſeen by what Laws heavy Bodies 
deſcend towards the Center of theEarth, 
it will now appear very evidently, that the 
Attraction of Gravitation towards the Earth 
is ſufficient to draw the Moon continually 
from the Rectilineal Motion, according to 
the firſt Law, and to make her revolve in 
an Orbit, which has the Earth for its Cen- 


ter. 
The 
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The Diameter of the Earth is 42107149 
Feet ; the Diameter of the Moon's Orbit is 
60 times as much, or 2521028940 Feet; 
the Circumference of à great Circle of the 
| Earth is 13 2000768 Feet; the Circumfer- 
ence of the Moon's Orbit is 60 times as 
much, or 7920046080 Feet. The Moon 
finiſhes one Period in her Orbit in 27 
Days, 7 Hours, and 43 Minutes: Therefore 
in one Minute of Time, ſhe moves in her 
Orbit an Arch of 20130% Feet. Now the 
verſed Sine of any Arch is found by divi- 
ding the Square of the Chord of that Arch 
(or the Square of the Arch itſelf, it it be a 
very ſmall Arch) by the Diameter of the 
Circle. Wherefore if we divide the Square 
of 210307 by 2521028940, the Quotient 
ſhall give 16 Feet for the verſed Sine; and 
{o far does the Moon in one Minute of Time 
forſake the Rectilineal Motion, by deſcending 
towards the Earth. But it has been ſhewn/ 
before, that near the Surface of the Earth, 
heavy Bodies deſcend 57620 Feet in a Mi- 
nute of Time: Therefore at the Orb of the 
Moon, where the Diſtance is 60 times great- 
er, and the Force of Attraction 3600 times 
leſs, Bodies will deſcend in one Minute of 
Time only 425 or 16 Feet. Wherefore the 
Attraction of the Earth is ſufficient to make 
te Moon revolve: in the Manner ſhe does 

1 revolvey 
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621 
revolve, and conſequently ir the real Caſe 
of her revolving, i the Orbit. | co 
We have al: along ſ hay Bodin vat 
adicend at firſt near the Surface of the Hat WM of 
16 Feet in a' Second of Pime; but more 
. « is 16 Feet and 1 Inn 

It was firſt difcovered by Kepler, from 
2 Obſervations, chat the Planet 


do not revolve about the Sun in Circles but 1 
in Ellipſes, the Sun being not in the Cem ing 
tet. but in one of the Faci of the Ellipſes the 
Thar Part of the Orbit which is nearelt tha! 
the Sun is called the Peribelium that Patt o the 
the Orbit which! is fartheſt from the Sumi Par 
called the — — I (d Ear 
If tlie — nal Impuiſcupon a Nane A 
lefs than / what, was neceſſary to make t and 
Centrifugal. Force equal toi rhe Centripeti Arc: 
it would them revolve in an Ellipſis, wle che 
Aphelion would be that Point of the Oi is ac 
where the Revolution began. tral 
If che Original Impulſe of a planet wall: 
grunter than vhat was neceſſary to make t tarde 
Centrifugal Force equai to the Centripern tract 
it would then revolve in an Ellipſis wholly T 


Peri helium would be the Point from abend are a 
the Revolution began. | 
Ke it be noteds; that in both Cafes it i 
oppoſcd; chat the Direction of the impreb 

Wy ol impelſaie petpendicular to the Dire@ua 
af the Attraction. 26 
x 


ing, B08 
The ſame Kepler, before mention d, dif 
cover'd likewiſe from Aſtronomical Obſer- 
vations, that a Ray drawn from the Center 
of the Sun to the Center of any Planet, de- 
| {cribes equal Areas in equal Times; and it 
is caly to ſhew that this muſt of neceſſity 
happen, if the Planets move by a Centripe- 
tal and Projectile Force. . 
What has been {aid of the Planets revolv- 
ing about the Sun, muſt alſo be applied to 
the Moon's revolving about the Earth ; only 
that Part of the Orbit which is neareſt to 
the Earth is called the 2 and that 
bart of the Orbit which is fartheſt from the 
Earth is called the Apogenm. 1 
= A Planet moves ſloweſt in the Apbelinm, 
and faſteſt in the Pen belium, otherwiſe. che 
Areas could not; be equal. In moving from 
che Apbelium to the Feribelium, the Motion 
is accelerated by the Aſſiſtance of the Cen- 
val Attraction: In moving from the Peribe-. 
In to the Aphelium, the Motion is re- 
| rd by the Oppoſition of the Central At- 
4» ion. ; pr Ornate ©; riras 10 * 
The more particularly theſe Principles 
are applied to the Motions of the Heavenly | 
Bodies, the more exadtly they will be found 
0 anſwer the Phænomena in every Circum. 


lance. 
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The general Phænomena of the Tides 
may alſo be accounted for by the Attraction 
of the Sun and Moon. 

© By the general Phznomena of the Tides, 
are meant fuch as happen'in the wide Ocean, 


or rather ſuch as would happen if the whole 


Surface of the Earth were cover'd witty W . 
ters. 

The general Phenomena, of the Tide 
are, 

I. That chere happens two Tides m twen⸗ 
ty four Hours and three Quarters. © 

2. That the Time of High Water is about 
three Hours after the Moon has left the Me- 
ridian, either above or below the Horizon. 

3. That the Tides are greater than otdi.- 
nary twice every Month, that is, about the 
Time of the New and Full Moon: Thele 
arc called the r | . 

4. That the Tides are leſſer than BY 
nary twice every Month, that is, about the 
Times of the firſt and Jaſt Quarters of the 
Moon: Theſe are callVd the Neap-Tides. 


5. That when the Moon is in her Peri- 


geum, the Tides increaſe more than in the 
ſame Circumſtances at other times. 

6. That all things conſidered, the Spring- 
Tides are greater in March and September, 
than at other times of the Year, and the 
Neap-Tides leſs, 


Let 


>= OT 


2. 


C6591. 


tet ADBE repreſent thẽ Satfice of: the 
Waters, FKGH'+ e Surface of 


of the Earth 
turning about its on Axis from F to K 


G and H, and carrying the Waters along 
with it. Let O — the Earth's. Pole: 


M the Center of- the Moon, MCA te Mer 
ndian of =s Moons 


* 


* 1 Where: 
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— kunt the Motion df the 
Waters a5 chey reuolve Mon D tb B. ſhall 
be — dy che drtraction of che oon 
* M; ſo hät ar the Point B, the Water 
_ moe fiſter than: the Earth. But from 
bo E, the Motion df ue Wuters all be 
"om by the Attraction of the Moonytili 
at the Point E they move flower than the 


Earth. In like anitier"frew E to A the 


Motion will be 1 A to 
D retardeg. * _ \ 


ident then, 
N and P, che Waters move faſter/than the 

Hare rela- 
tively at Reſt upon thi tr beyond 
thoſe Points the Waters move flower than 
the Earth. Wherefore at thoſe Points the 
Waters ſhall be accumblated. 

In like manner, befþre the Points O and 
Q, the Waters move wer than the Earth: 
In thoſe Points the Waters are relatively at 
Reſt upon the Earth; and beyond thoſe 
Points the Waters move faſter than the Earth, 


Wherefore at thoſe Points the Waters Jul 
* 1 
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Wherefore NP are the Points 'of High | 
Water, being about three Hours beyond-t 15 
Moon's Meridian, and O Q are the Points 
of Low Water. 

If the Diurnal Rotation were ſwifter than 
it is, the Points N and P would fall nearer 
to E and D, and the Points O and Q to 
A and B. If the Diurnal Rotation were 
{lower than it is, the Points N and P would 
fall nearer to A and B, and the Points O and 
Qto E and D. For the Waters at D and E 
are attracted by the Moon towards B with an 
equal Velocity, and the Point where they 
would meet is the Place of High Water. 
This would be the Point B, if there were no 
Rotation; but the ſwifter the Rotation is, 
the farther will the Waters attracted from D 
be carried beyond B, before they meet with 
the Waters attracted from EB 99 
If the Diurnal Rotation were ſlower; the 
Tides would run higher ; for the flower the 
Rotation was, the nearer would the Points 
P and N fall to the Points A and B,. - where 
the accelerating Force ends, and the Velocity 
of the Waters is the greateſt of all. 
The Reaſon of the third Phænomenon i is 
evident, becauſe at the New and Full Moon 
the Attraction of the Moon is aſſiſted by the 
Attraction of the Sun, the Centers of the 
Sun, Moon and Earth, „being at thoſe Times 
nearly i in a right Line. 

F a The 


* 


[68] 

he Reaſon of the fourth Phænomenon is 
alſo evident, becauſe in the Quarters of the 
Moon the Sun accelerates where the Moon 
retards, and retards nf. the Moon at- 
celerates. send 
Only it muſt be ouſerved, chat che Spring: 
Tides happen not preſeritly upon the New 
and Full Moons, but-rather one or tw Days 
after, Glien the A Attraction of the Sun has 
conſp iced with the Attraction of the Moon 
for ſome eonſiderable time. In like manner, 
the Neap-Tides happen à Day or two after 
the Quarters, when the Attraction / of the 
Sun has continued to leſſen the Effect of the 
Moon's Attraction for papa Days" bs. 

72 e ee eee Fg 
The fich Phenometion'is a plain Cons 
4 of che Increaſe of the Moon's At. 
traction upon ker nearer Approach toward 
7 Earth. At the Spring- Tides in March 
nd September, the Sun and Moon deſcribe 
a great Circle, and therefore produt a 
gn and conſequently à greater Agita> 
tion of the Waters: But at the Neap="Fides 
in Marob and September, the Moon deſetibes 
a ſmall Circle, which produces 4 fmaller 
3 of the Waters; and the Sun de 
ſcribes a great Circle, which talces off more 
(1 fromthe Attraction of the Moon) and n 
| the Agitation ſtill * 3 0 00M 3 
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As the Motion of the Waters is accelera- 


ted and retarded by the Attraction of the 
Moon, ſo i in like manner the Motion of the 
Moon is accelerated and retarded by the 


Attraction of the Sun, which is the Cauſe 


of the Inequalities of the cen of that 
Secundary Planet. 


of Oblique Datemrs <> pan 


DULUMS.  / 

II remains only to apply this ſecond Law 
of Motion to the Deſcent of heavy Bo- 
dies upon inclined Planes, and the Motion 
of Pendulumt. | 
Now upon inclined planes, it is evident 
that Bodies ſhall deſcend by the lame Laws 
35 they do in direct Lines, only allowing for: 
the Difference between the Abſolute and Re- 
latiye Gravity. Hence the following Rules 
for Oblique Deſcents may be deduced., -. 
1. Upon any given Plane, the Veloeities 
are as the Times; and the Lines deſcribed 
from the beginning af che Deſcent are as the 
Squares of the Velocities or Times, and the 
Velocities or Times in ſubduplicate propor- 

tion of the Lines deſcribed. 


2. The laſt Velocity acquired by the di- 


rect Deſcent is ta the laſt. Velocity acquired; 


in 1 ſame Time be oblique. Delcenty 
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n 
as the Abſolute Gravity is to the Relate 
Gravity ; for the Accelerations from the Be. 
ginning to the End of the Deſcent are all the 
way in that Proportion; and the Number of 
the Accelerations is the ſame in both Caſes, 
becauſe the Times are ſuppoſed equal, 
Therefore the Sums of the Acceleration; 
and conſequently the laſt Velocities, are al- 
fo as the Abſolute Gravity to the Relative 
Gravity, or 'as the Length of the Plane to 
the perpendicular Height of the Plane. 
3. The Line deſcribed by the direct De- 
ſcent, is to the Line deſcribed in the ſame 
Time by the oblique Deſcent, as the Length 
of the Plane to the perpendicular Height of 
the Plane; for the laſt Velocities are in that 
Proportion by the ſecond Rule, and the Lines 
deſcribed in the ſame Time are as the laſt 
Velocitie. , 

4. IH the A 
Line deſcribed . D 
by the direct 
Deſcent A B, 
be to the Line — 
deſcribed by n C 
the oblique Deſcent A C, as the Height of the 
Plane to the Length of the Plane, then'the 
Times of Deſcent ſhall alſo be in that Pro- 
portion: For drawing BD at ri Angles 
to AC, in the Points D and B the Times 0 

4, e by Deſcent 


1 


Deſcent ſhall be equal hy the third Rule; end 


in the Points D and C, the Times of Deſcent 
ſhall bt in ſubduplicate Proportion of A 
to AC, (by the firſt Rule) that is, in Pro- 
portion of AD to AB, or of the Height of 
the Plane to the Length of the Plane. 

F. If the Line deſcxibed by the direct 
Deſcent he to the Line deſcribed by oblique 


Deſcentz as the Height of the Plage to the 


Lengthof the Playe, the laſt Velocities ſhall 
be equal: For the Quantities of the Accele- 
rations axe reciprocally as the Lines A B and 
AC, from the Nature of the inclined Plane; 
and the Numbers of the Acceleràtions are 
as the Times of Deſcent, that is, by the 4th 
Rule, directly as the Lines AB and AC. 
Therefore the Velocities, which are in com- 
pou Proportion of the Quantities and 
umbers of the Accelergtions, are equal. 
6. The laſt Velocities acquifed upon ſe- 
veral inclined Planes of an equal Height, 
howſoever differing in Length, are equal: 
For they are all equal, by the gth Rule, to 
the Velocity acquired in deſcending directly 
thro' the perpendicular Height of the Plane» 
ln like manger, the Limes of Deſegnt ape d 
the Lengths af the Plates by the 4th Rule. 
4 i D147 35 | HD 3G MGEL 
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7. The Time of an oblique Deſcent along 
the Chord of any Circle, drawn from the 
loweſt Point of the Circle, is equal to the 
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Time of a direct Deſcent thro' the Diameter 
of that Circle. For drawing BF at right 
Angles to CB, the Times at B and -ar F 
Mall be equal, (by the third Rule) and C F 
15 equal to AB from the Nature of the Cit- 


cle f 
* 8, The 
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8. The Times of oblique Deſcent thro⸗ 


ſeveral Chords CB, DB, E B, are all equal. 


9. Hence it follows, that the Relative 


Gravities of any given Body upon the ſeve+ 
ral Chords CB, DB, EB, are as thoſe 
Chords. | ; 4649/1411) 


10. A Body deſcending from à certain 


perpendicular Height, ſhall acquire the ſame 
Velocity, whether it deſcends directly or 
on an oblique Plane, or upon ſeveral oblique 


Planes. For let A B be tlie perpendicular 
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Height of the Plane CD, and of the tg 


Planes AE, ED, a Body deſcending firſt 
from A to B, and then from C to D, ſhall 
b the ſame Velocity in B and D by 
Rule the 5th. And deſcending. firſt from A 


to E, and then from C to E, it ſhall acquire. 


the ſame Velocity in E. Therefore it thall 
acquire the ſame Velocity in deſcending thro 
AED, as in geſcending thro'.CED.: 
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11. The laſt acquired Velocities of a Bo- 
dy deſcending to the loweſt Point of a given 
Circle, through different Chords, ſhall be as 
thoſe Chords: For the Times of Deſcem 
are equal by the 8th Rule, and the Relative 
Gravities are as the Chords by the gth Rule; 


and the Velocities acquired in equal Times, 


are as the Relative Gravities, as is evident 


from the-2d Rule. 


2 
- 12. All Bodies, howſoever differ ing in 
Weight, deſcend upon a given Plane in the 
ſame Time and with the ſame Velocity: 


For Relative Gravity is of the ſame Nature 


with Abſolute Gravity, and differs only in 
Quantity. . | 
13. That Velocity which a Body acquires 
by falling from any” perpendicular Height, 
will carry it upwards, if the Direction of 
the Motion be changed, to the ſame perpen- 
diculat Height from whence it fell, and that 
whether it aſcends directly, or upon an 
oblique Plane, or upon ſeveral oblique Planes. 
For it is evident, that as the Velocity which 
was acquired by falling directly from A'to 
B, will carry the Body back from B to & 
ſo the Velocity acquired by deſcending from 
C to D, will carry back the Body from P 
to C; and the Velocity acquired by deſcends 


ing from A to E and D, will carry back the 
Body from D to E and A, Nembeſe der 


Velo- 


had wad conn  HYood ON. 
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Velocities are all equal by the roth Rule: 
Therefore the ſame Velocity which was ac- 
quired by falling in any one of thoſe three 
Lines, will carry the Body back to the ſame 

erpendicular Height, either in the ſame 

ine in which it deſcended, or in any other 
Line. ö 464d GI3RD3 © V0 

14. A Body ſhall deſcend inleſstime from 
A to E and D, than from C to E and D. 
For in both Caſes, the ſame Time will be 
ſpent in deſcending from E to D; and by 
the 8th Rule, the- ime ſpent in deſcending 
from C to E, is longer than the Time ſpent 
in deſcending from A to E. 
15. The Time in which any Line AB is 

deſcribed by the di- \ 
rect Deſcent, is to 
the Time in which 
an equał Line A E 
is deſcribed by the 
oblique Deſcent, in p 
reciprocal ſubdu -- 
plicate Proportion 
of the Abſolute 
Gravity to the Rela- 
tive Gravity. Draw | 121410 11 2 | 
ED at right Angles, to AC, till it meets 
AB produced in D. Now by the third Rule, 


the Times of Deſcent in D and E are equal; 


upli- 
cate 


but the Times in B and D are in ſubd 


* 


— 


— 
— 


— 


Er 


kat * AB to AD. — 


5 jam; Times of Deſcent in B and E are in 


: ſubduplicate 3 ol A B to A D, Up 


is, of AB tO C. 
"iy Motion which, is firſt dat by . 


] enen Acceleration, and then deſtroyed 


by a continual Retardation, is called Oel, 
tion. n 


Let DA „EA, be: two equal Chords in 


che Circle BEAD. 
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By the 13th Rule, if a Body be- placed at 
D, it ſhall oſcillate from D to A and E, and 
back again from E to A and D. 

The Time of oblique Deſcent ſhall be 
equal to'the Time of oblique Aſcent,” and 
each equal to the Time of direct Deſcent 


from B to A by the 7th Rule. 5 
There: 


ti 


e 
Therefore the Time of an entire Oſeillas 
tion mall be equal to twice the Time of di- by. 
rect Deſcent thro B A, or equal to che G7 6 Il 
of direct Deſcent tliro' four: times BA. N 

And the Time of Oſcillation theo i 
other two Chords of the ſame Circle, Ra N * 
de the ſame. fl! 20 7 

And becauſe the Times of Ae Deſcent 
are in ſubduplicate Proportion of the Lines; 
therefore in different Circles the Times ß 
Oſcillation are in ſubduplicate Proportion o 
four times the Diameters, that is, in fubdu- 
plicate Proportion” of the Diametefg 'or Sew} 
midiametets. d „ 

In Chords of the fame Circle} the Times 
of Oſcillation of all Bodies; howſoever dif- 
fering in pn. are all equal = the 1 
Rule, 0 N 1 26.4 164 + IR þ 

All Bodies begin to deſcend; 16 Peet one 
Inch, or 193 Inches in a Second of Time. il 
Therefore 48 Inches (which is the Ath Part WO 
of 193) ſhall be the Diameter and 24 Inches 
the Semidiatires of the Circle-uponiwhoſe 
Chords'the Oſcillations thall be perform d in 
a Second of Time. et EE 2 4 4.45 * 

If the Chords AD, AB, be taken very 
ſmall; they wilt differ bur-very=4irtle from 
the Arches of the Circle, and C Amay be 
conſidered” as-a Pendulum oſcillating in thoſe / 
Arches,” "URINE, © -..004 one LO; 7 
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1. The ſame Pendulum hall oſcillate thro' 


upcqual Arches in the fame Time. 


2. 'Pendylums of equal Lengths and une- 
= eien ſhall oſcillate in the: lame 
mes 2 2 
E The Times of Ofcillation i in \ differem 
Pendulums, are in ſubduplicate Propotrigg 
of the Lengths of the Pendulum. 
If the Olcillations of a Pendulum wete 


perform'd j in a Cycloide inſtcad of a Circle, 
Theſe three Laws of Oſcillation would hold 


true in large . as well as in imally 45 
Mr. Huygens. has demonſtrated. 

The "Lengrh of a Pendulum oſcillating Se: 
conds in a Cycloide, is 39 Inches and a quar- 
ter, and a Pendulum of the ſame Leng 
Hall alſo oſcillate Seconds in ſmall: Arg 
of a Circle; for the lower Part of the Cir- 
cle is nearly the ſume wb the lower Part of 
ne Cycloide. 

I kom D and A two Tangents are dap 
intenſeſting each other in &, the Relative 
Gravity at the Point D upon the Chord is 
che Relative Gravity at che Point D in gie 
Circle, as DG to DA; hich is the Realop 
why in thoſe ſmall Arches, of a Circle the 
Olcillations abe ſwilter than alang che 
Oherds. 

H an Iron Bar be ſalpended at one E 
and ns into Motion, the Oſcillations * 
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be performed in leſs time than by a fin 

won of che ſame Length: For the 5 
per Parts of che Iron ſhall endeavour to 
olcillate according to their reſpective Diſtan- 
ces from the Center of Suſpenſion, and fo 
accelerate the Motion. ee 2001 
A ſingle Pendulum, whoſe Length is two | 
Thirds of the Bar's Length, will be found = 
to perform its Oſcillations in equal Times Wl 
with the Bar. Hence a Point taken; of the 4 
Length of the Bar from the lower End,” is 
called the Center of Oſcillation, and is neat- 
ly the ſame with the Center of Percuſſion. 

All oſcillating Bodies, of what Shape ſo- 
ever, have their proper Centers of Oſcilla- 
tion; which if the Rod of the Pendulum 
by = and the Bob large, ſhall fall within 
the Bob, | 

By the Length of a Pendulum, is always | 
meant the Diſtance between the Center of .7'8 
Suſpenſion and the Center of Oſcillation. 1 
If a Pendulum be heated, it grows longer, 1 
and conſequently oſcillates flower. 

Pendulums of the ſame Length oſcillate 

ſlower the nearer they are brought to the 

Equator, and that for two Reaſons; becauſe 
the Semidiamerer of the Earth's Equator is 

about 15 Miles longer than the Semiaxis of 

the Earth; and becauſe of the Gentriſugal 
Force (ariſing from the Diurnal Rotation) 
which at the Equator 4s the 55; Part of Gra- 

8 Vity, 
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Sy; from whence it decreaſes continually 
till at the Pales it quite vaniſnes. 
It may eaſily be concluded from the oth 
Rule of oblique: Deſcents, that if a Pendu- 
dum oſcillate in ſmall Arches of a Circle, 
the Accelerations continually: decreaſe, (cho 
the Velocity continually increaſes) as the 
Diſtance from the loweſt n of WEL: 
lation decreaſes. | Lek 
Therefore all Motions wich are produced 
by continual Accelerations, /ecrealing as the 
-Diſtance decreaſes, from a certain Point to- 
wards which the Motion tends, may be com- 
pared to the Motion of 2 Pendulum and 
.of ibis Nature is the Motion ne Wee by" 
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3 be Third Law of Morro 150 


C ION is always contrary and — 
to Reaction; or the Actions of two B50. 
5 ding upon each other are always equal and 

5 a gontranys Directions. b lr 4a 
Whatſoever draws | preſſes, or ard 5 
at the lame Inſtant drawn, 8 or at- 
rated with an equal Force. 
The Equality of Action aid Readon is 
to be judged; not from the Velociries; but 
from the N of Aae rann * 
jeaeh! of them. 

If che Diſtance of he; Sup from: che-Earth 

be 70 Millions -of Statute; Miles, the Di- 
r meters 


41 
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meters of the Heavenly Bodies may be 
judged to be as follows: - 


Of the Sun, 653,000 


Of Saturn, 52,100 
Of Jupiter, 69, 200 
Of Mart, 3790 


Of the Earth, 7,960 
Of the Moon, 1,850 
Of Venus, 6,750 
Of Mercun, 35630 


From hence it may be gathered, that the 
dun is not much affected by the Attractions of 
the Planets ; becauſe ſuch Planets as are near 
the Sun are ſmall, and, the bigger Planets 
are at a great Diſtance, and the Diameter of 
the Sun 1s almoſt ten times greater than the 

Diameter of the greateſt Planet. | 
= The Breadth of Saturn's Ring ſeems to be 
equal to the Diſtance between the Body of 
Saturn and the inner Part of the Ring, and 
that Diſtance ſeems to be about two Thirds 
of the Diameter of Saturn. | L427 

f one Body ſtrikes upon another, juſt ſo 
much Motion as it impreſſes in one Dire- 
ion, juſt ſo much it loſes in the contrary 
Direction; and this is the grand Principle 
upon which all the Laws of the Communis 
eition of Motion depend. 10 
| 8 
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e Laos of the Cotmutdupfeation of Mo. 
tion cannot be truly ſtated. "vithowr ſth. 
guiſhing Elaſtick Bodies from 906 that ate 
not Elaſtick. 


Of Wa ID | 


A Body that feecives no Inipreflic on, is cal. 
led a Hard Body. 

That which receives, ad retains an In. 
preſſon, is called a Soft Body. 

That which receives an Impreſſion, bu 
does not retain it, is called an Elaſtick Boch 
and if the Force 'of Reſtirution be equal u 
the 555 of Compreſſion, it is ſad. fo be 
perfect ly elaftiok. 
| oh differs from Elafi icity ; for Re 
action begins and ends with the acting Force 
but Elaſticity, does not begin to exert inſet 
till the Force of Action i is Over, 
lk a String be ſtrained like thoſe of f. 
fical Inſtrument, it all become elaſtick « 
ſpringy ; for the ſmalleſt Force ſhall de f 
ficient to bend it, tho' it be ſtrained heſer 
hard; and when thar Force ceaſes, the Fore 
that ſtrains it, ſhall 1 i back & fo, ity ft 
Situation. 


re „ ws ow is aw A 
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As the String returns to its firſt Situation, it 
is continually — by a Force des 


creaſing as the Diſtance of the String from 
its firſt Situation decreaſes. For let ABC 
repreſent the String in irs firſt Situation, AD C 


the String bent, and AEC che String re- 


turning: It is evident that DC and "DE 


may be confider'd as two Leavers of the ſe- 


cond Kind, in whichC is the Center of Mo- 
tion; the Force chat ſtrains the String is the 


Power, and the Quantity of Matter to be 
of Matter in DO 


moved (or the Quantity 
or EC) anſwers to — Weight. Where- 


fore from the Center of Motion C, letting 


fall the Perpendicular C H K to the Lines of 


Direction, the Forces of the Power upon the 


two Leavers ſhall be as CK and CH, that is, 


as BD and BE, the Diſtances of the Sing 


from its firſt Situation. 

When the Point D arrives at B, the AcZ 
celeration ceaſes; and as the laſt acquired 
Velocity carries the 8 deyong: B towards 


— — * — .—— — 


- — 
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, ſo 2 Retardation begins exactly propor- 
tional to the former Acceleration. 
Wherefore the String being once moved, 
ſhall oſcillate like a Pendulum; and conſe- 
_—_ 
1. It ſhall perform all its Oſcillations, whe- 
ther great or {mall, in the ſame Time. 

2. If Strings that contain an 5 vj Quan» 
tity of Matter are ſtrain'd unequally, the dif- 
ferent Forces by which they are ſtrain d may 
be compared to an Abſolute and a Relative 
Gravity ; and therefore by the 15th Rule of 
oblique Deſcents, the Times of . Oſcillation 
ſhall be reciprocally in ſubduplicate Propor- 
tion of the ſtraining Forces. - 111233 
3. In Pendulums, the Quantity of Matter 
is not regarded, becauſe whatever it be, it 
is always proportional to the Force (of Gra- 
vity) vrhich cauſes the Oſcillation: But in 
Vibrating Strings equally ſtrain'd, the Times 
of Oſcillation are as the Quantities of Mat- 
ter in the String. For when thoſe Strings 
are bent equally, the moving Forces ſhall 
be equal, and conſequently the Velocities 
ſhall be reciprocally as the Quantities of Mat- 
ter, anu the Times reciprocally as the Ve- 
locities, that is, directly as the Quantities of 
Matter. Where forme. 128 

4. In Strings that are ſtrained equally, if 
the Diameters are equal, the Times are 2 


* 


N 


the Lengths: If the Lengths are equal, che 
Times are as the Diameters. 
5. In all Strings, the Times of Vibration 
are in compound Proportion of the Lengths 
and Diameters directly, and the ſubdupli- 
cate Proportion of the Forces reciprocall 7. 
Hence ariſes the Difference of all Muſical 
Notes which are grave in Proportion to the 
Quickneſs, and acure in Proportion to the 
Slowneſs of the Vibrations. e 
The Sounds of two Strings vibrating at 
the ſame time, agree with each other more 
or leſs, according as the Vibrations concurr 
more or leſs frequently. This is the Origine 
of Concords and Diſcords in Muſick. 
Two Strings of an equal Diameter being 


7 


equally ſtrained; if they are of the ſame 


Length, ſhall ſound an Uniſan, and ſhall 
concurr at every Vibration, | 
If their Lengths are as two to one, they 
ſhall ſound a Diapaſon or Octave; and every 
Vibration of the longeſt ſhall concurr with 
every other Vibration of the ſhorteſt. © - 

It their Lengths are as three to two, they 
mall ſound a Diapente or Fifth; and every 
other Vibration of the longeſt ſhall concurr 
with every third Vibration of the ſhorteſt. 

If their Lengths are as four to three, they 
mall ſound a Diateſſeron or Fourth; and 


every third Vibration of the longeſt hall 


cancurr with every fourth af the ſhorteſt. 
G 3 
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If their Lengths are as ſive to four, they 
ſhall ſound a Ditone or greater Third; and 
every fourth Vibration of the Jongeſt ſhall 
concurr with every fifth of the ſhorteſt. 
-: Theſe are all the perfect ſimple Concords; 
nor are any other Proportions admitted in 
Muſick, but ſuch as are taken from the Num- 
bers 1, 2, 3, 4, 5, or their Compounds. 

Other Lengths, in which the Vibrations 
concurr leſs frequently, produce ſuch Sounds 
as are reckon'd either imperfect Concords 
or Diſcords. The Frequency of concurring 
is to be computed from the Number of Vi- 
brations of the longeſt String, which are 
performed before the Concurrence happens. 
To make an Uniſon Sound, it does not 
ſeem neceſſary that the Vibrations ſhould 
actually concurr, but only that they thould 
be performed in an equal Time; ſo that 
they would concurr always, if they began 
exactly at the ſame Inſtant : For the Ear pet. 
ceives not the ſingle Vibrations, but only a 
certain Sound which is the Reſult of repeat- 
ed Vibrations. The like qualified Senſe of 
the Word Concurrence muſt be applied to the 
. and other Concords and Dil- 

cords. | 
If a Body in Motion ſtrikes upon a ſtrained 
String, it ſhall rebound in an Angle equal 
to that in which it came: For ſo much of 
the Impulſe as is parallel to the String, hal 
| gon; 


87 ] 


continue; and ſp much of the Im ae 4 

perpendicular to the S a ſhal + 4 

liroyed by the Qppolition, and. produced 
again by the Elakicity.- > - 

Al Bodies which, when ſtruck, give 3 
Muſical Sound, do vibrate either in the 
Whole or in Part; ang mop Kater Bodies, 
when ſtruek, give 3 muſßſes! Saund ; andrhe 
Reaſon why ſome do not, leems to be Ei either 
becauſe the Spring is too weak, and the Mo- 


tion tog flow, as in the Cale of Fa preſſed 


Wool; or becauſe the BIARAFITy | is {0 ſtrong, 
and the vibrating Parts. {9 ſhöpt, and the 
Sound ſq acute and {a {pan oyer, that it FR 
not be perceived by the Par, which 11 115 
, oy Caſe in the Colliſon af tw G 
alls, 

The Cauſe of Elaſticity in moſt Bodies 
ſeems to be the Repulſive Force of 1 Its — 
cles: For when the Elaſtigk Body is compreſ- 
ſed, its Poreg axe thereby contracted and made 
ſmaller; ſo that many Particles, which were 
at ſome Diſtance before, are now brought 
nearer together wa 4 of each 
other's Repyllion ; ulſion 
ſtronger as the Fas Fon l 
the Particles are foxcged eher to Fi) = 
Wherefore, if che Porey of 2 Body arg very 
large, it may admitt of Compreſſion wjth- 
put much Bhi. Ang hence Haw ſee 
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the Reaſon why the Elaſticity of Metals j; 
increaſed by hammering. | ? 

It is certain from Experiments, that if Bo- 
dies rebound after Collifion, one or both of 
them are Elaſtick ; and hence it is that the 
Angle of Rebounding is always equal to the 
Angle of Incidence, when the moving Body 
ſtrikes againſt an Obſtacle which is conſider d 
as immovable, | 

An Obſtacle is confider'd as immovable, 
when the Quantity of Matter it contains is 
infinite, or as infinite, with regard to the 
Quantity of Matter contain'd in the moving 
Body; for then the Velocity impreffed upon 
the Obſtacle will be Nothing, or as Nothing, 
For whatever that Velocity be, which a 
moving Body would impreſs upon another 
Body at Reſt equal to itſelf, the Velocit 
which the ſame moving Body would impreſs 
upon the infinite Obſtacle, would be infinite; 
ly leſs than the former Velocity. 


Of the Communication of Moro. 


T Hole Laws, according to which Altera- 
tions are produced in the Reſt and Mo- 
tion of Bodies upon their Collifion, are cal 
led the Laws of the Communication of Mo- 
When one Body ſtrikes againſt another, it 
the Line of Direction of the Impulle pu 
0, 


% 
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dies, the Impulſe is called full or direct, 
otherwiſe it is called an oblique Inipulſe. 
The Relative Velocity of two Bodies is 
that Velocity with which they approach to; 
or recede from-each other, and 1s equal ci- 
ther to the Difference of the Velocities of 
Bodies moving the ſame way, or to the Sum 
of the Velocities of. Bodies moving contrary 
ways. For if one of the Bodies were at Reſt, 
and the other moved towards it, or from it 
with the fore mentioned Difference or Sum 
of Velocities, the Body in Motion would 
approach to, or recede from the Body at 
Reſt, juſt as faſt as the two moving Bodies 
approached to, or receded from each other. 

If two Bodies move in the, ſame Direction 
2 equal Velocities, they are relatively at 

eſt. 

When the Impulſe is direct, and the Ba- 
dies are void of Elaſticity, the Laws of the 
Communication of Motion are theſe that 
follow: 

1. In all Caſes, the Velocities after the 
Stroak are equal; for the Impulſe ceaſes 
when the impinging Bodies are relatively at 
Reſt, and not before. Sf 


faſteſt ſhall overtake the other, and the Sum 
ot their Motions ſhall be the ſame after = 
| eo i Stroak 


thro! the Center of Gravity of both the Bo. | 


2. If two Bodies move the ſame way, 
and in the ſame right Line, that which moves 


1903 
Stroak as before. For by the third Law of 
Motion, ſo much Motion as the ſloweſt By. 


dy gains, the ſwifteſt Body loſes. 


3. If two Bodies move contrary ways, 
the Sum of their Motions after the Styoak 
ſhall be equal to the Difference of their Mo- 
tions before the Stroak : For whilſt theſtron 
eſt Motion deſtroys the weakeſt, it loſes a 
an equal Part of itfelf by the third Law of 


Motion. 


4. If the Sum of two conſpiring Motions, 
or the Difference of two contrary Motions, 
be divided by the Sum of the Quantities of 
Matter in both the moving Bodies, the Quo- 
tient ſhall give their common Velocity after 
the Stroax. 


5. If the Velocity after the Stroak be 


multiplied into the Quantity of Matter in 
each Body, the Products {hall expreſs the 
Quantities of Motion in cach Body after the 
Stroak. 
6. The Difference between the Quantities 
of Motion in either of the moving Bodies, 
before and after the Stroak, is equal to the 


Quantity of the Stroak. 


Example 1. Let a Ball of 3 Ounces, mor- 


ing with 9 Degrees of Velocity, -oveptake 


another Ball of 2 Ounces moving with 4Þc- 
grees of Velocity: Then {hall che Quantiues 
of Motion before the Stroak be 27 and s, 
the common Velocity after the Stroak * 


— 
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be 7, the Quantities of Motion after the 
Stroak ſhall be 21 and 14, and the Quamti- 
ry of the StroaE ſhall be s. 

Example 2. Let the ſame” Balls move with 
the ſame Velocities contrary ways; then ſhall 
the Quantities of Motion before the Stroak 
be as before; the common Velocity after the 
Stroak ſhall be 3 and $, the Quäntities of 
Motion after the Stroak ſhall be 11 and? 
and 7 and 4, and the Quantity of the Stroak 
1 and + 5 

Wherefore, if two equal Bodies move in 
contrary Directions with equal Velocities, as 
ſoon as they ſtrike, both the Motions ſhall 
be deſtroy'd. And'if a Body in Motion 

ſtrikes againſt an equal Body at Reſt; it ſhall 
communicate half irs Velocity, or half its 
Motion. And if one moving Body over- 
takes another moving Body equal to the 
firſt, the common Velocity after the Stroak 
ſhall be equal to Half the Difference of their 
Velocities before the Stroak. But if they 
moved in contrary Directions, the Velocky 
after the Stroak ſhall be equal to Half the 
Sum of the Velocities before the Stroak. 

7. If a moving Body ſtrikes againſt an 
immovable Obſtacle, after the Stroak the 
whole Motion ſhall be deſtroy'd; and the 
Quantity of the Stroak all be equal to * 
whole — of * 1 1 2 

8. 


. 
- 8, If the moving Body gravitates towards 
the immovable Obſtacle, (as when a Stone 
falls upon the Earth) the Quantity of the 
Stroak is equal to the Sum of the Quantity 
of Motion added to the Weight of the moy. 
ing Body; for the Weight remains upon the 
Obſtacle when the Impulſe is deſtroy d. 
It was for want of this neceſſary Diſtin- 
ction, that the famous Borelli, in his Treatiſe 
de Vi Percuſſionis, attempts to prove (in el. 
fect) that the Impulſe of a Feather is 1 
greater Force than the Weight of a Roch, 
Cap. 29. Prop. 99. | l 
The Sum of the Motions of two Boqies 
void of Elaſticity, may be leſs- after the 
Stroak than it was before, but it cant be 
more. "6 N | 
9. If a Body moves after the Stroak the 
ſame way that it moved before, the Differ- 
ence of the Velocities before and after the 
Stroak ſhall be equal to the Velocity loſt ot 
gain'd. Thus in the firſt Example, the Ve- 
locity loſt is 2, and the Velocity gain'd3.” 
10. If the Direction of the Motion after 
the Stroak be contrary to the Direction of 
the Motion before the Stroak, the Sum of 
the Velocities before and after the Stroak 
ſhall expreſs the Quantity of the Velocity 
loſt. Thus in the 2d Example, the Veli 
ties loſt are 5 and 3, and 7 and 3. Ford R 


cf 
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dy may be ſaid to loſe more Velocity than 
it has, when after its whole Velocity is de- 
ſtroy'd, a new Velocity is produced in a 
contrary Direction. een 
When the Impulſe is direct, and the Bo- 
dies perfectly elaſtick, the Laws of the 
Communication of Motion are different from 
the foregoing. For, n 
1. Upon the Colliſion of two Elaſtick 
Bodies, the Force of Elaſticity is equal to 
the Force of Compreſſion ; and the Force of 
Compreſſion in each Body is equal to the 
Quantity of the Stroak. | 

2. The whole Force of Elaſticity, exert- 
ed at the Reſtitution of both the Springs, is 
double to the Quantity of the Stroak; for 
it is the Reſult of two Forces in contrary 
Directions, each of which is equal to the 
Quantity of the Stroak. Or it may be con- 
ceived thus ; the Sum of the Elaſticities is 
equal to the Sum of the Quantities of the 
Stroak in both Bodies together; that is, to 
double the Quantity of the Stroak in each 
ſingle Body. 5 5 
3. The Effect of the Elaſticity in each Bo- 
dy ſhall be equal to the Effect of the Stroak, 
and in the {ame Direction; for the two 
equal and contrary Elaſticities in the former 
Cale are equivalent, to Action and Re-aQion 
in the latter. Fig | C4, ALONG 
| 4. Where- 
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4. Wherefore, to find the Velocity af g 


ther Body after the Colliſion: Firſt, find th - 
common Velocity with which the Bod e. 
would move after the Stroak, if chey bei ;. 
been void of Elaſticity, and find al f . 
Velocity loſt or gain d; then ſubſtract the 
Velocity loft from che common Velocity, oi .; 
to the common Velocity add the Ve .; 
gain d; 40 {hall chat Difference or Sum e ;; 
the Velocity fought ; hut if the Velocity ur - 
be greater than the common Velocity, d, c 
ſubſtratt the common Velocity from the Vii c: 
locity loſt, and the Remainder ſhall give ri © 
Velocity fought in a contrary Direct ion, 1 
Thus in the fir Example; before) ſtated i g. 
We ſuppoſe the Bodies to be Elaſtick, the Ve e: 
locities after Colliſion ſnall be 5 and 10, f i 
conſequently the Quantities of Motion a . 
be 15 aud ao. N 
In the ſecond Example, the Velocities i 
ter Colliſion ſhall be 1 and v, and 43 ce 
the Quantities of Motion 4 and , and. Wi 15 
For a third Example; let us ſuppoſe ci 
Bodies in Proportion as three to two, thei q 
at Reſt, and the ſecond moving towards Wl < 
firſt with go Degtees of Velocity; then 
the Quamities of Motion before the Rwaß _ 
be o and 80, the common Velocity after way w. 
Stroak 16, the Quantities of Motion aft 
the Stroak 48 and 32, the Quantity ot ul .. 


Strol 
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Stroak 3 2, the Velocity gained 16, the Ve- 
locity loſt 24, the Velocities after the Reſtic 
tation of the Springs 32, and 8 in a con- 
trary Direction; the Quantities of Motion 
after Collifion 96 and 16. | 
In the firſt Example, the Sum of the Mo- 
tions before Colliſion is equal to the Sum of 
the Motions after Colliſion; in the ſecond it 
is greater, in the third lels. This demon- 
ſtrates the Abſurdity of Grrtefms's Notion, 
“% That there is always the fame Quantity 
« of Motion in the World. | © 7 
If two equal Elaſtick Bodies move to- 
wards each other with equal Velocities, they 
ſhall recede from each other after Colliſion 
each with the ſame Velocity. H one of them 
in Motion ſtrikes againſt the other at Reſt, i 
ſhall communicate the whole Velocity, and 
remain at Reſt itfelf. If one overtakes the 
other, they ſhall interchange Velocities, and 
continue to go on the ſame way as before, 
If they meet each other with different Velo- 
cities, they ſhall "interchange Velocities, and 
ly off from each other in contrary Dire- 
ions. ee In 
If m Elaſtick Body ſtrikes upon an im- 
movable Elaſtick Obſtacle, it ſhall rebound 
with che fame Velocity that it came. | 
If one of the impinging Bodies be hard, 
and the other elaſtick, the Lawys of the Com- 
munication of "Motion zre the fame _— 
L 


will give way, till the Force of Elaſticity 


city, will produce the ſame Effect as a fin- 


ſolved into two Impulſes; one direct, and 
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both the Bodies were elaſtick; for the 81 ring 


becomes equal to the Force of Compreſſion, 
that is, double to the Quantity of the Stroak 
in each Body; and the Re- action of a hard 
Body againſt double the Quantity of Elaſti. 


gle Quantity of Elaſticity in each Body act 
ing in contrary Directions. 
If the Impulſe is oblique, it mult be re- 


the other parallel to the Tangent at the Point 
of Colliſion. The Effect of the direct Im- 
pulſe muſt be computed according to the 
Laws before-mentioned : The parallel Im- 
pulſe will continue after the Colliſion the 
lame in all reſpects that it was before; nor 


0 

will it produce any other Effect, except by f 
means of the Friction to make the Bodies re- [ 
volve each about its own Center of Gr- WM ; 
An | | 0% 92 "ol + | 
: "AA Let the Spherical Body B, be. b 
ing at Reſt, be ſtruck by the equal Spherical \ 
Body A, moving with a Direction and Velo- Y 
city expreſs d by the Line C A, deſcribed in W | 
any given Time. Let the Motion C be ( 
reſolved into the Velocities and Direction ri 
_ CD, DA; the Line CD being parallel if 
AB, which connects the two Centers of 0 
Gravity at the Inſtant of Colliſion; and the W it 


Line DA being parallel to the Tangent PQ, 
| of 


NN 
ot rather to a Plane (repreſented by the Line 
PQ) touching both the Spheres in the Point 


of Colliſion. Since the parallel Motion ſuf⸗- 
fers no Alteration by the Impulſe, if the Line 
DA be continued, till A E is equal to DA, 
the Line AE ſhall repreſent the parallel Mo- 
tion after Colliſion; and if the Spheres are 
both void of Elaſticity, Half the Motion CD 
ſhall be communicated by the Impulſe: 
Wherefore, if we draw EG and HK paral- 
lel to CD, and reſpectively equal to half 
CD, then AG, HK, ſhall repreſent the Di- 
rections and Velocities after the Stroak. But 
if the Spheres ate elaſtick, the whole Motion 
CD ſhall be communicated ; and therefore 
if we take HM- equal to CD; the Lines 

; H AE; 


would be leſs, in P 
of that Friction 
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HYDROSTATICS: 
V 
The Gravitation and Preſſure of F LVIDS 
in general, but more particularly of 
 IncomrtrESSIBLE Fluids. 


x Fluid is a Body whoſe Parts ate 
capable of moving ſo eaſily among 
one another, that they give way 
ESR to any Force whatever that acts 


: .. 
To conſtitute a Perfect or Philoſophical 
Fluid, (which perhaps is not to be found 
in Natute) it is neceſſary that the Parts be 
not held together by mutual Attractions, nor 
obſtructed in their Motions by Friction or 
mutual Attritions. ai 
However, if a Body is compoſed of Patts 
uy mutual ame and g are 
t very ſmall, it is Vulgariy callad a Fluid. 
1 


* ä < 


e 
Tho the Laws of Hydroſtaſtics are dedu- 
ced from the Philoſophical Notion of a Fly. 


* by — N 1 . = 2 


Fluids, the Ertor will be but very {mall. 
If the Original conſtituent Parts of a Fluid 
do already touch each other in ſo ma 

Points, that they cannot be brought nearer 
together without being divided into leffer 
Parts; and if no known Force is great 
enough to divide them into leſſer Parts, ſuch 
a Fluid is called a Compreſſed or an Iucon- 
preſſible Fluid. 2 dein cr. & | 


For Example 5 Water, Oil, and Mercury, 


are vulgar Fluids of the Incompreſſible Kind. 
The Surface of any Fluid that is permit- 
ted to ſtagnate, will be level; for if one Part 
ſhould remain higher than another, it would 
thereby reſiſt ' the Force of Gravity which 
tends to make it deſcend, and conſequently 
would not be 2 Fluid. . 
All Fluids gravitate upon the Bottom of 4 
CylindricalVeſſel in which they are contain d, 
in the ſame manner that Solids gravitate, that 
ts, in Proportion to the Quantity of Matter. 
Any Part of a Fluid gravitates according 
to its Quantity of Matter upon the reſt of 
the Fluid that lies below it: For if the uppet 
Part did not gravitate according to its'Quan- 
tity of Matter upon the under, the whole 
Fluid could not gravitate according wn, 10 
"RY WHOIE 


y * 
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5 . 
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whole G Matter n che Bottom 
of the Veſſe. 

Accardingly it is found by Eepe rimear, 
that if a Veſſel be filled with Waser a Pint 
of that, Water in any Part of the Veſſel 
ſhall weigh about a Pound, which is juſt as 
7 as it weighs. when taken. out of the 

eſſel, 

In like manner, a Veſſel which cootaley 

about 24 Pints or Pounds of Water, is found 
to contain about 33 Hundredth parts of an 
Ounce of common Air. This proves the 
Specific Gravities of Air and Water to be as 
to about 850. 
It is evident therefore, that in a Cylin- 
drical Veſſel, the Gravitation of any Fluid 4s 
proportionable to the Depth or Piſtance from 
the Surface. 

If any Part of he Fluid be forced dowy 
below the Surface; when. the Force is taken 
away, that Part which was forced down ſhall 
8 and place itſelf even Wich the Sur- 

ccd 7 

Therefare in eyer part of the Fluid, . 
is a Preſſure u . equal to the preſſure 
of Gravitation in that Part of the Fluid. 

It is alſo clear from Experiments, that in 
every Part of the Fluid eis! is a Preſf mr 
equal to Gravitation, in all manner o E Di- 


8 . 
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Wherefore; ſince every Part of the Fluid i 
acted upon in all manner of Directionz by 
an equal Force, eyery Part of à ftagnatin 
Huid is at Reſt, and will fo continue till 

is diſturbed by ſome external Force. 
Conſequently, tho 1 Fes of che Fluid 
13 according to its L 


gr epth, yet no one 
art preponderates or gravitates more than 
, + "Wag $ CIT" <2 7090 
If a new Preſſure be added to any Part of 
the Surface, the Column of Fluid that Nes 
under that Part ſhall deſcend,” and dene 
FHorter, till the Sum of the additional Prel- 
ſure, and the Preſſure of the ſhorten'd Co- 
lumn, hall be equal to the Preſſure of an 
entire Column upon the like Baſe in any 
other Part of the Fluid. an 
Ik che Preſſure of any Column be leſſen d 
or its N diminiſh'd, that Column hall 
aſcend and become longer, till the Preſſuxe 
of the increaſed Column becomes equal to 
the Preſſure of an entire Column upon the 
like Baſe in any other Part of the Fluid. 
Fluids of different Kinds gravitate upon 
each other according to their perpendicular 
Heights and SpecificGravit ies, 


Every Part of the Veſſel, which contains 
a Fluid, ſuſtains an equal Preſſure with that 
Part of the Fluid to which it is contigls 
* | = 

ny Every 
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Part of the . an zmmerſed 
equal Preffure with kg 
0 . 


r 


ae 


res e Fd: . * 
Par — Solid approach + do Proportion 


of E 
Thar Mare which a&s with an onal 
Force upop every Part of the Surface of A 
Solis, will mak no Alteration in the 
face, howſoever ſ6ft or de T A 
preſſion ir may be. Hence it Rows, —— 
tho the Prefſiire of the Water a1 
Depths 28 very conſuterable, yer it i bs] 
perceptible. 
The Preſſure of any rc e for 
ented, by angmeming or 
Diane eo this Surface, 2s to l in 
Qvickfilrer or :Gold(!or any other Nuid or 
Solid whatſoever ; 110% the Solid or. Denſe 
Fluid cannot preſs upon any thing with morc 
than its whole Weighr. 
bo The . — ya kh 3 wal 
| Keep 8ewn'a pecthca er than 
ne, provided os not LEO niet 
N dhe Solid and R of * 
Velle 


4 * 
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each other at B, and 
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Let AB, BC, be 


two Cylindrical Veſ- 5 | * 
an equal Diameter A oh. 
commumicating with AGF 


jet A B be placed 


rpendicularly, and 
Ein an oblique Si- \/ 
tuatign; If Water 8 A7 


be pour d into ſucha , , 

Veſſel, the Surfaces in both, Tubes ſhall 
ſtand in the ſame Leyel, or at the ſame per- 
pendicular Altitude, as at DG and FE. 
For the Abſolute Gravity of the Water BE 
is tothe Abſolute Gravity of the Water BY, 


as BE to BG; and the Abſolute Gravity of 


the Water BE is to its on Relative Gravity, 
as BG to BF. Therefore the Abſolute Gra- 
vity of the Water BD is equal to the Relg - 
tive Gravity of the Water Bk. 

If « elſe] he bigger ar the Top than, 
the Bottom, the Preſſure upon the Bottom 


ſhall be equal to the Preſſure of a Column 


of Water whoſe Baſe is equal to the Bottom 
of the Veſſel, and whoſe Height is equal to 
FX perpendtenler Height of the Water in the 
Veſſel: For the Preſſure of all the reſſ of the 
Water is ſuſtained by the oblique Sides of 


the Veſlel. | 


Wherefore, if two Cylinders of wnequak 
Diameter are joined together, the Water, 
F EP . I . 


CD — ene e 


r any other Fluid, ſhall ſtand at the ſame 
Lane 

If a Veſſel bigger at the Bottom than at 
Top be filled with Water, the Bottom of the 
Veſſel ſhall ſuſtain as great a Preſſure, as it 
would do, if the Veſſel were as big at the 
Top as it is at the Bottom: For the Preifiare 
of the Water againſt the Side e 
of the Veſſel at c, is equal to . 
the Gravitation of the Water 
at the Depth mm or bc; and 
the Re-a&tion of the Side at 
c, is equal to the Preſſure, * 
and in contrary Directions. 
Therefore the Re-action of 8 a 
the Side of the Veſſel at c, is equivalent to 
the Gravitation of the Water at the Depth 
bc. Therefore the Point a is preſſed by the 


42 * CLIENTS ' 5 0 


R 


Line ca, as much as it would be preſſed by 

the Line bg, - en 65 
Let AB repreſent rt Aff 

a {mall Tube fix? din Lei | 


2 large Veſſel CN, '_ . Il 
and let the whole be | 
filled with Water to 

the upper Orifice at 

A. It is evident that C 
the little Column 
AB preſſes upon all 
Parts of the larger *, 
Yeſlel at the ſame 
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time, becauſe it preſſes in all | DireRipns Ft 
the fame time. 
W 1 6 8 in alt Cakes, the Preſſure 
any Elnid upon the Bottom of the V 
is equal to the Preffure of 2 Column' of the 
ame Fluid, whole Baſe is equal to the Bet⸗ 
tom of the Veſlel, and Hei hr equal ip 


Ae Height of the Fluid iy the 


os in all Points of the Fhiid that 
equally diſtant from the Surface, the Pre 


f different Kinds graviraze up- 


3 is cya 


Er uber: 4 5 to the rec 
Quantiies of — 
| Molphere, or 


N fo the . 

Air with which / 
the Earth is e upon ie 
Surface of all other Fluids, with a dis de 
terminate Force proportional 70 s Quantiy 


of Matter. 
This Preffore of the Atmolphere up on it 


Water AB at the Orifice A, Hall 12 con- 


vey'd to all Points of the Bottom and Sicke 
of the larger Veſſel, in the ſame manpe 
the Preſſure of the Fluid A B is conveyed. 
1 Wherefore, in Veſſels of all Kinds 2 
E * * Jap, the Preffure at all Depths 
face of a contain'd Blujd 
of the Te of th 
Tian ns Atmoſphere. | Þx 
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I one End $ an open Tu 
in Quickfilver, and the Air be exlranſted at 
the 1 Packt by fucking with die Mouth, 
or any other Nele, ſo that within eie Tube 
2 Vacuum be mache, and the Preſſure of the 


Atmoſphere taken away 5| che Preſſure of he 


Atmoſphere without will force te Qwick- 
ſilver into che Tube, and there ſuſpend it, 
ſo long as the Vatium cotitinues; t à de- 


terminate perpendicular Na & about 30 


Wherefore, the Weight of a- Tohimn of 
Quickflver zo Inches High, is equal xo the 


Weight of à Column ot "of Air Bana g upon 
an e KW Baſe, and whoſe Height is 1 to 
the whole Height of the Ataiolphere. . An 

Hence it is ear, fliar the 
ſtand at che lame < Height ke in Tubes of all 
Diameter s. 

The Specific Giite of Rain-Water 
and Quickllver are to each other us 1 to 13 
and two Phirds. Wherefore, che Weight of 
the Atmoſphere which raiſes che Mercury 30 30 
Inches, will raiſe Water to 410 Inches, or 
about 34 Feet, or been lan wee tix 


Fa oms. He 
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At. manner of Hydraulic Engines de- 
pend x upon theſe Principles. . | 
Hence 


Tubeibe immerſed 


Quickſive; will 


on that Side which has the greateſt perpeg. 
dicular Altitude: For the Preſſure of the 


the Water in both Legs of the Siphon; {6 
that there is nothing left to determine the 
Motion of the Water one way or other, but 
the ſuperior Preſſure of the Water in ane of 
the Legs; which ſuperior Preſſure is the E- 
fect of a greater perpendicular Altitude. 


be fix Fathom or more, the Siphon canna: 


of exhauſting the Air; and if it be filled 


Part of it running out at each Orifice; be- 
cauſe when ſuch a Siphon is full, the Weight 


The ſame thing will happen, if we attem 


the Reaſon of the Conſtruction an 


be a Vent or Paſſage for the Air to,enter ipto 
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Hence it is, that a Siphon always work 


Atmoſphere equally oppoſes the Deſcent of 


If the perpendicular Altitude of a Siphon, 
from its Bend to the Surface of the Water, 


be filled by Suction, or any other Method 
firſt, he Water will ſeparate at the Bend, 


1 


of Water in each Leg is greater than the 
Preſſure of the Atmoſphere. | 


K. 
to draw off Quickſilver with a Siphon whole 
perpendicular Altitude is 30 Inches ot more. 

From theſe Principles we may 17 
Vork 

of common Pumps, and why they can rat 

Water no higher than about ſix Fathoms. 

That Siphons and Pumps may work free- 

ly, it is always neceſſary that there ſhould 


the Veſfel, and fill up the, Place of thei» 
ot Rs qui 
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uor as it is drawn off; otherwiſe tlie Prei- 
fire of the Air upon the Surface will con- 
tinually decreaſe, and at laſt become too 
weak to force the Liquor thto the Pump or 
Siphogee- 5 297410524 n 
How the Preſſure of the Air decreaſes in 
Proportion to its Expanſion, ot the Quan- 
tity of Space which it finds empty, will be 
kewn hereafter. PE Arn | 


_ Of SyrouritnG Waret.: 


AN Artificial Jet or Spout of Water is 
called a Fountain. | 

The Rules for Spouting Liquors are theſe 
that follow: © 

1. The Force which makes the Water 
ſpout thro' a Hole in the containing Veſſel, 
is proportional to the Depth of the Hole, or 
its Diſtance from the Surface of the Water 
in the Veſſel: For the Preſſure of the Wa- 
ter upon that Part of the Veſſel before the 
Hole was made, was equal to the Sum 
of the Preſſures of the Water and Atmo- 
tphere ; but as ſoon as the Hole is made, 
the Spouting of the Water is oppoſed by 
the Preſſure of the Atmoſphere againſt the 
Hole. The Force therefore with which the 
Water ſpouts, is only the Preſſure of the 
Water, which in all Points is proportional 
0 its Depc kk e Kup 


2. The 


[ Tro 
2. The Quantities of Water ſpoutigg i 
the ſame Time thro? equal Holes with dif 
ſerem uniform Veloeities, fhall be proper. 


tional to choſè Velocitie sn 


3. The Quantities of Motion paſſing a 
feverat equal Holes in the ſame Time, at in 
compound Proportion of the Velocities and 
Quintities of Matter; that is, by the feconi 
Rule, as the Squares of the Velocities, of 
of the Quantities of Water. 

4. The Forces are proportional to cheit 
Effects, that is, to the Quantities of Motion 
generated in the ſame Time; that is, by the 
third Rule, to the Squares of the Velocities, 
or of the Quantities of Water. Therefore by 


the firſt Rule, the Depths ate as the Squaresof | 


the Velocities, or of the Quantizies of Water. 

„ Therefore, the Quantitics of Water 
paſſing thro equal Holes in the ſame Time, 
are in ſubduplicate Proportion (or as the 
Square Roots) of the Depths. 

6. The Velocity of any Drop of Water 
ſpoutingthro any given Hole, ſhall be equal 
to that Velocity which it would acquire in 


falling perpendicularly. from Reſt the 2 
Line equal to the Depth of the Hole# For 
at the Beginning, the Spouting and the Fal- 
ing Drop ate both accelerated by the lame 
Force, that is, its own Gravity; and thete- 
fore, their Velocities are equal at firſt, and 
they continue equal afterwargs, becaule 1 
2 | ſ 


* 1 - = 
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U I 
both increaſe. to the ſame. Law : 
For the, Velocities — 4 — all cke way 
in ſubduplicare Proportion of the Defiths. . 

7. Tho Water will riſe in Pipes as high as 
che Surface. of the Head from whence it 
fills; yet in Jets it can never 
rile quite fo high; becauſe of the —— 
ol the Air, and che Friction of the Adi 

$ The Reliance of che" Ake fn o muck. 
the more conliderable,. beeaulc of 0 
ent Dlrections of the Preſſure by, which-the- 
Water is thrown up. For the Water moving 
towards the Hole of the N in differ 
ent Directions, ſhall go out in the Game. Di- 
re&ions; and therefore cannot aſcend ĩn one 
cominued Columa, but is: ſeparated and 
ſcattered, . and broken, into, * Thre 
eich of which aſcends. and deſcends by it- 
{ in atly: of all the reſt 5 2 
the Eee of the Airs Reſiſtance becomes 
more ſenſible, as in the tenth Rule. 

9. The Scattering of the get, and the Re- 
ſilance of the Air, may, be remedied in Part 
by the Form of the Adju A Tube or 
concave C linder ſeems the eſt Shape 
to take off the Lateral Pref] ; but then 
the Greatneſs of che Friction — ſhortens 
the Jet, and makes it ircegalar; The moſt 
convenient Form of am Adjutage is a Tube 
cover'd with a thin Plate, in — there is 
made a ſmooth bra Hole, leſs * 


3 
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the Cavity of the Tube. For in ſuch 
Adjutage, the Water will acquire an aſcend- 
ing Direction in the Body of the Tube, and 
Will find but ſmall Friction in paſſing by the 
thin Plate, and will go out in a regular 
Shape thro” the poliſh'd Hole. EN 
10. The Height of the Water in the Re. 
fervoir continuing the ſame, the Quantity of 
the Friction of the Adjutage is proportional 
to the Surface of Metal which is contiguous | 
to the Spouting Water ; that is, it is propor- 
tional to the Diameter of the Hole; but the 
Quantity of Motion paſſing thro* the Hole 
in any given Time, is as the Area of the 
Hole, that is, in duplicate Proportion of thic 


Diameter of the Hole. Therefore, the Effet 
of the Friction ſhall be leſs, as the Hole of 


the Adjutage is larger. 
11. The Condurt, or Pipe conveying the 
Water from the Reſervoir to the Adjutage, 
ought to be very large, in Proportion to the 
Aperture of the Adjurage ; otherwiſe the Wa- 
ter will deſcend in the Conduit with a ſen- 
ſible Velocity, and therefore meet with 7 
ſenſible Reſiſtance, whereby the Impulſe of 
the deſcending Water will be conſiderably 
leſs than irs Preſſure before it deſcended. 
12, The Velocity of Water deſcending 
thro' a Hole in the Bottom of the Veſſel, 
will be greater than the Velocity of a Hort- 
zontal Jet ſpouting from the lame _ 7 
| an 
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ind the Velocity bf uhe Horizontal ſet will 


be greater than the Velocity of a Perpendi- 


cular ſet: For in the tſt Caſe, the Velocity 
of the Water is accelerated by its own 
Weight, and that Acceleration is communis 
cated to the neighbouring Parts by mutual 
Attraction. In the third Caſe, the Retarda- 
tion of the Water that ib paſs d the n 
is an Obſtacle to that which is . 

13. If we ſuppoſe Water to ſpout withs 


out Friction or Reſiſtance, the Amplitudes « of 


all Horizontal Jets may be determined in 
the uin WN : Let A P che a Hori- 
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vontal plane upon which the Jets fall; AB 


thc Heiglit of the/ Surface of . thep Water the 
| I the 
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the Reſervoir above that Horizontal Plane, 
B C the Depth of any given Hole where the 
Water ſpouts. On B A, as a Diameter, de- 
ſcribe the Semicircle BH A, draw CE pa- 
rallel to AP, and make A M double to EC; 
then {hall MA be the Amplitude of the Wa- 
ter ſpouting from the Hole C. For the Wa- 
ter will fall upon the Plane AP with the 
fame deſcending Velocity, as if it had fallen 
directly from C to A; and the Horizontal 
Velocity with which it is projected by the 
Preſſure, is equal (by the ſixth Rule) to the 
Velocity that would be acquired in falling 
from B to C. But the Velocity acquired in 
falling thro” CA, is to the Velocity acquired 
in falling thro' BC in ſubduplicate Propor- 
tion of C A to CB; that is, (as is clear from 
Geometry) in the Proportion of CA to CE. 
Therefore when the Water firſt touches the 
Plane, its Deſcending Velocity is to its Hort 
zontal Velocity, as CA to CE, But the 
Deſcending Velocity, if it were uniform, 
would carry the Water thro' twice CA in 
the time of its Deſcent. Therefore the Ho- 
rizontal Velocity will carry the Water thro 
twice E C in the ſame Time. 

Wherefore, the Amplitudes of Jets ſpout- 
ing from C and D, being taken at equal 
Diſtances from G, {hall be equal; and the 
greateſt Amplitude of all-ſhall be, when the 
Hole is equally diſtant from the ane 

ane, 


Cas 7 

Plane, and the Surface of the Water in the 
Reſervoir; and that greateſt Amplitude AN 
ſhalkbbe equal to AB, the Height of the Wa- 
ter in the Reſervoir above the Horizontal 

14. By a like Conſtruction, the Altitudes 
and Amplitudes of oblique Jets may be 
determin d. Let A be the Hole from whence 
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Let A E repreſent the oblique Ve 
with which the Water paſſes thro? the Mout 
_ | 


5 
3 


18. 


iſ aw] 
of this Ae theft A C veptſelt 
dhe Ae 5 Vary, ed Edle Men 
zoltif Wir 11 2 A 17> ede 
It 1 Certain from het Rulez tnt the 
Velocity AE would throw the Water An a 
perpet icular f. Jer from. A PB; andit 18 Alf 
Tertain, fro Wlrat Bas been deriohftrated 
concctallis "the Aſcent and Defcert of Tedvy 
Bogiies, tat the Height ro which the Wo. 
city KE bud throw the Water, is tothe 
Height to Which the Velocity AC wauld 
throw-ehe Water, as the Square of A J.to 
the Sgusre of AC, that is, in the Prot. 
tion dH. B to AC. Therefore * 4 
be the greateſt Altitude of the Oblc 
whoſe Nirection is AE, and Depth 
Wherefore, if the Aſcending 
e it would carry th 
St IVFIce CA in the Time that it 


ends I in alcending ; and conſequtntiyf in 
FE Time the Horizontal Velocity Hall ar- 


ry-the Water thro' twice & E, agf inf the 
1 ime of Aſcent and! fred bur t es 


EB. 1 
E be 2 tõ W till 


, al 
ele Ity 
Ker 


Wherefore, if 

£X is equal to E C, the Pꝰint K M bc 

ebe Patz;ot -——Þ = 
; HEDcE it is ly to conclude, 7 

v4i414; That, the ene Amplitude of all is 

in, the Direio © AH, chat 1s, of” 45 He- 


ces. 
2 21 


2. That 


kl L 447 FR 
they C1 7 
Thy 00 þ 98 h mel wee s twice 


bt of. 1 8 pend icu t,, thro n 
from al ſame U 65 SANG 


That fince t 0 Nach EA is double to 
the An le of Elevation <4 M, ther 6% the 
Altitudes at ditferent Angles Arel us the 
Verſed Sines, and the r s the 
Sthese of twice the Angles of. ElEviri 
"That the Ach piece 945 e mat Eſe- 
vations” thhally Beaſt from 45" Degttes'on 
cagh, 25 Pp. 
be - Bas tlie e 9 77 IN a the 
dale vole Colo erent LOIN the. Are as 
thoſe 17 chat is, US the Squares" or "lie 
Velodt iticy ; tg T N bs g Alle in 
that Pt e co <a 

6. 0 T ime v p of Wär 

CER A- 

jutage to . Hori l Plahe is e ak to 
twice, tlie Time 1 t Would pe In 
thro! the Witho Sine or” the dou led. 


proportignal. ro ta tlie Sn! 
exſed Sines of che! 
variog, or to tlie ei 2 el mY 5 
Angles « of Elevation, Of to the  Sines, © of the 
Ahe of Elevation. F 
e ſix Rules are alſo app e to 
Gugn y and the Motion of Prijeailes, if 
g 0 F Jets (pauting from the Jame "Depth, 
bt es 5 cjectnes Ws with e 2 
1 wa "tortty ; 


b 4 „„ — — _ = ——2— Yo — — —. . wy a —— — — — — — — 
— — — — LS — Gor SDSS p —_—- 0 — — — = _— — 5 b 
: - — — 0 — 2 — — — — > _ - 
- * — . = * = 2 "Di : w 4 ——— 5 A — 
_—_— — - — — — = — — — — - — * = 
— — — 4 * * 1 2 - 
— — — * N — © —_ 8 1 - — N < = 
— — — _ — b - po —_ bn * — _ hb 4 2 
. = - l _ n — = 
— — __ 4 — an — * — — — == 2 = Ng — a — — =”; was. By, 
DD CO — — 
— NG mt E 2 — — — — — ws 
* 
. 


F — — | | = = — 
— 1 - = — i = - EY I ” 
— — — — 
E - - * <> 2 4 
— — — So — — — — 
2 * 2 — 2 — - — 
— = 4 2 — - — - - 
— — 2 — — — - T — 
Wa " — 
— — — — — — - — 
— hes — —_— Ww - — 20 ret mag > ey 
” * —— — ad 


[ 118 


locity ; and in the room of Jets ſpouting from 


different Depths, we ſubſtitute, Projectile; 
thrown with different Velocities. 


A Stream of Water deſcending from a Re: 
ſervoir, in a Channel whoſe Bottom is 


an inclined Plane, is called Running Wa. 
ter. OOTY 


We here ſuppoſe the Reſervoir to be ſup- 
plied as faſt as it is drained, ſo that the Wa- 


ter is always kept up to the ſame Height in 
the Reſervoir, and runs down the Channel 


in a conſtant permanent Stream, in any one 


Part of which the Water always continues 


at the ſame Height, and moves with the ſame 


Velocity. Wherefore | 


1. Each Particle of Water is accelerated 
in deſcending, in the ſame manner as other 


heavy Bodies are accelerated in deſcending 
upon an inclined Plane. N | 


2. Let AB repreſent the Depth of the Wa- 
ter in the Reſervoir, BC the Bottom of the 
Channel, and A D the Surface of the Run- 
ning Water; the Velocity of any Particle 
E of the Running Water, ſhall be equal to 
the Velocity which it would acquire in fal- 
ing perpendicularly thro' a Line equal to 
preſent Depth of the Particle below 


e 


— 


Body were to fall directly from A to K, and then defcend obliquely 
* from K to to E, it would acquire the ſame Velocity as if it fell'S 
g directly from M to E. And by the ſixtli Rule concerning Spout- 
ing Liquors, the Velocity with which the Water runs out of the 8 
Reſervoir at K, is equal to the Velocity it would acquire in falling * 
from A to K. Therefore the Velocity of the Water at E ſhall be. 
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the tenth Law 


e 


L are) 

3. The Yiclogitics of feveral Particles of 
Running Watet are in ſuhduplicate Propas- 
tign of cheir Depths wor the Plang of dhe 
Surfare:pEthe Reſervoir. 
4. From y 
of. the Cha nel, 
| BC, "fo-thall'R « 
ALE and {by 


in the Bottom 
erpendicular to 
repreſent he Depth of the 
e third Rule) the Velocity 
of the Water in R ſhall be greater than'the 
:Veloeity of the Water in Q in Proportion 
-as the Square Rogrt of N Ris greater than 
the Square Root of PQ, ahd in like man- 
ner thro' the while Lind. the Velocity 


-of the Water nal ro bg greater in that 
Y. 


Point whichiis ncartr tor R. 

5. The Quantit f Water witch paſſes 
by th Line QR (or rathet Whith paſſe] thro 
the Plane repreſented } inc) 1n any 
ven. Fime, is equal o, the” (Wantity of 
ater whictr falls from the Reſeryoir in the 
Sik Time; and therefor 
rallel to RQ) the Quantiti 
ſing by X Z. and RO in any 4 wen? 
be eee. 


ater pal- 


ime hall 


6. The Depth of tlie Siren t 1 inually 


Jecken as it runs, that is, Q is Is than 
ZX. For equal Quantities paſs by Yn the 
fame time, by the fifth Rule; Bat 1h QR 
the Water dieſes twifter than in 
firſt Rule; and the Channel is \\uppoledyo 


be all the way of an RAR Breadths, T_ 
Fe Tore 


f 481 4 


fore the Depth QR muſt be leſs than the 
Depth XZ. ng 

7. The farther the . runs, the nearer 
do the Velocizies, at different Depths ap- 
proach to an Equality: For the Depth QR 
decreaſes, , and the Lines P, NR, come 
nearer to an Equality; and the greateſt and 
leaſt Velocirigs, which are as the Square 
Roots of thoſe Lines, approach .nearer to a 
Proportion of Equality than the Lines them 
ſelvedz. wot y L, 

8. The Veloeitics of 6 F at Aer 
ent Depths approach towards an Equality 
conliderably., faltex. han decording do the 
ſcventh Rule; fon the upper Waters are con- 
tinually accelerated by the lower, and the 
lower, are .cominually retarded, by the up- 


er. 507 10 2 
: 9. The, Water deſcends with maſt Voile 
near the Beginning or Head of, the Stream: 
For the loudeſt Myrmurs will be; produced 
where the Waters ruſn with, the] greateſt 
Force, that is, where the Relative Veloci- 
ties, or Differences of the Deſcending Velo- 
cities, are the greateſt, 

10. Water cannat; be convryed in any 
Channel, whoſe, Length and perpendicular 
Altitude. is dg to a the dt Ta- 


ple, 4 4 1 , 
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Perpendicular Alti. 


Lengths. tudes anſwering - 

| to each Length. 
6230 Mi | 220 

1 * Yards. 4 Inches, 
e 0 

23 Miles. 357 Feet. 


Thele latter Numbers ſhew ben * the 
Convex Surface of the Earthifinks below'the 
Level of its Tangent, at ſuch Diſtances'from 


the Point of Contact as are expreſſed bythe 


former Numbers. If a Channel- therefore 


were made according to this Table, each 


End of it would be equally diſtant from the 
Center of the Earth. | | 
11. In making Aqueducts, or conducting 
Rivers the common Way, is to make the 
Channel fall one Foot in 100 Yards. 

12. If the Channel be of a ſufficient 


'Length, and its Bottom rough and irre 
the Motion of the Stream Fn ae 


form in a very little time: For the Reſiſtance 
of ſuch a Channel to the Motion ofthe 
Stream will be very conſiderable, and wil 


Increaſe; as the Water accelerates, according 


to the Square of the Velocity, and Wil de 


gradually communicated from the Sides and 


Bottom to the very Middle of the Stream ; 
_— 
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and ſo in a little time the Reſiſtance will be⸗ 


come equal i in effect to the Acceleration, and 
the Motion nearly uniform, as ir commonly 
is in Rivers. Wherefore, 
13. In Rivers, "the Motion of the Water is 
ſloweſt at the Bottom and Sides of the Chan- 
nel, becauſe there the Reſiſtance begins, and 
from thence is communicated to all other 
Parts, | 

14. In different Parts of thi Cons River, 
the Uniform Velocity of the Stream is great- 
eſt in that Part, where the Bottom of che 
Channel has the greateſt Inclination or De- 
clivity. 
15. In thoſe Parts of the River where the 
Velocity of the Stream is leaſt, the Depth of 
the Water is the greateſt, 13 


Of the Gans of Soi ps 
and Frurps together. 


HE Specific Gravities of all Homoge- 

neal Bodies are as the Wei rr of equal 
Bulks directly, or as the Bulks of equal 
Weights recjprocally. 


If a Solid be immerſed in a Fluid, it * 


ſo much of its Weight as the preſſure of the 
Fluid ſuſtains. 


T be Preſſure of the Fluid would ſuſtain 
the Weight of loch a Quantity of the Fluid 
as 


| io % Therefore eyery Solid immerſed in a Fluid 


F 9 —— — — — — 
* , WOT» & 7 


[ 224 3 
Fe ll ſche Space whigh the 10m mee(ed 

15 u 5 or it there; were: 1y x 
Bs of dhe Fluid in ſche Place 


no one Part wou ve or 5 
Sanden, as has, heen 27 e 14 
1 W of . F is which, 
e e t. ſupply 12 Places. ; 1 of, the bal 
arden, a e, ſolid irfelf,* hy 
— the Tom 10 Bente that it bad 9 
ning; it . ſtill ue at fe 
and be ſupported by the c Fele p ah ; 
Quantity, and Direction 1 the-Preſlure « 
ween the remaining Fluid and the hardene 
Fluid, would in all Parts in all relpeds 
be che ſame that it was before, o1 6 


oſes in Weight, ſo much ag ſuch a, anti 
of the Fluid weighs, as Tould fill 8152 


and all equal Solids loſe the ſame Quantiy | 
"of Weight Rand every Sulid / immerſed Ni 
Fluid, retaims of its Weight, juſt ſo much 
as is the Excels of its own peci c Gravity, 
abe the Specitic Gravity q the Fluids =p 
uno much Weighs as the Immerſed Sl 
notains, is galfed its ee Grayity, j 


that Fluid. 


the Specific Gravy, of the La 


-Solid be lels than the 8 Spool c Gravity, of the 
Fluid, then the Soli dy loſe; more than 


aas whole Weight 7 bed is, due ak te 


Britt » [13 29 Via: & t Hat. 4 19 wh Fluids 
Cf, 


1 $ 
Py 7 * 


tas ) 

Eluid's Preſſure ſhall make it aſcend to us 
Surface, and {wim there. þ 

he Force which neakes/the/$dli8; aſcend, 


we: be called its n Levity in. 
fluid. 1 10 21.31 MIE VIM 1 

But if the Specific Gravity of the Wanda 
Solid be greater than whe Specifie!Gravity of 
the Fluid, then its Comparative Gravity 
{halt cauſe it to deſcend and fink to the 
Bottom. iel 9 en 

Ide Compertoc Gravidy of ben of an 
Imcherſed Solid is the ſame at all Depths: 
Foicthe Solid and Fluid being botli ſuppoſed 
incompreſſible, the Difference of their Spe. 
cific-Graviries contitues always the tame. 

Fherefore in a Huid void of RefManice;all 
lImmerſed Solids Rall aſcend or defcend wich 
a Motion unifstny accelerated, like that 
heavy Bodies deſcending in Furt; only 
making Allowanes for the Difference of the 
Forces of Abſolite and CERES _— | 
vity. 

But in Reſiſting Fluids, the Aabelttations 
will continually decreaſe, till che Motion be- 
comes nearly untform, as has been Wready 
= under tue Head of Rififling N 

unt. — 2 13 
he true Aſdlus Ev of any ung, 
is only to be found; by weightng it n 
rug; thoꝰ its Comparative Gravity in the Air 
Is common raken for its Abſelute — 

becau 


—— 


ä — 
on, ot are f 
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. between them is bu 
A Solid ſpecifically lighter than a Ruit 
ſhall ſwim — Top, Part of it being im- 
merſed below, and Part of it emerging aboy 
- . The: Immerſed Part of any Solid tha 
ſwims, is equal in Magnitude to ſo mud 
Fluid as weighs the ſame with the whole 50 
lid. For if the whole Solid were e 
away, and the Place of the immerſed Pan 
ſupplied with an additional Quantity d 
Fluid, all Parts of the former Fluid would 
continue as they. were. 2 

Wherefore, a floating. Solid increaſes thi 
Preſſure upon the Bottom of rhe Vellel; no 
otherwile than it would be increaſed 0 
pouring in an additional Quantity of Fluid 
whoſe Weight is equal to the whole Weight 
of the Solid, or whole Bulk is equal tothe 
Bulk of the immerſed Part of the Solid 
Wherefore, he 
If the Specific Gravities of the Solid and 
Fluid were equal, no Part of the Solid would 
emerge above the Surface of the Fluid; 0 


would the Solid have any Comparative Gs 


vity or Levity, or be carried upward*d 
downward in whatſoever Part of the Fluid 
it were placed. 

And conſequently all Solids that float up 
ulpended in any Fluid, comm 


— 
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nicate their whole Gravity to the Fluid; nor | 


is the Preſſure upon that Part of the Bottom 
which lies directly under the Solid, greater 
than upon any other Part. | 
The Magnitudes of the immerſed Parts 
of ſeveral Solids floating upon the ſame 
Fluid, are proportional to the Weights of the 
reſpective Solids, For the Magnitudes of 
ſuch Quantities of the Fluid as are of an 
equal Weight with the ſeveral Solids, are in 
that Proportion. 9 PERF 
The Magnitude of the immerſed Part of 
the ſame Solid floating upon different Fluids, 


is reciprocally proportional to the Specific 


Gravity of each Fluid. For the Magnitudes 
of equal Weights of ſeveral Bodies, are re- 
ciprocally as the Specific Gravities of thoſe 
Bodies. Okt wid p06 
Thus the Hydrometer diſcovers the dif- 
ferent Specific Gravities: of all Fluids which 
are ſpecifically heavier than itſelf, by ſinking 
deepeſt into Fluids that have the leaſt Spe- 
cinc Gravity, N. N 
A Solid ſpecifically heavier than a Fluid, 
ſhall ſink to the Bottom, and there preſs 
with its whole Comparative Gravity. 
 Somuch Weight as the Solid loſes, (which 
is the Difference between its Abſolute and 
Comparative Gravity) is communicated to 
the Fluid : For the Preſſure of the Fluid up- 


on the Bottom is increaſed, as much as its 


perpen- 


| whiter they are weighed ſingly or together 


Solid upon the Hluid increaſes, as the fe 


Ke-action being always equal.) And ther 
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lid. F £1 — 
of Solid lighter than 2 Fluid, is comm 


the Reſiſtance : So that when the Unten 


8] 
perpendicular Altitude is increaſed; andithe 
perpendicular Altitude is increaſed, * 1 
much as it would be increaſed by the Ag 
tion of fo much Fluid: as menen in Big 
to the Bulk of the Solid- | 

Wherefore, in 'all:Ciles, ih Sum of the 
Weights of che Solid and Hud is the ſame 


 Whilſtthe Solid is deſcending, the Weight 
of the Fluid that is under it increaſes gon. 


tinually, till the Reſiſtance becomes equal 
the Acceleration: For the Preſſure f the 


ſiſtance of the Fluid increaſes, (Action and 


tore, when the Uniform Motion begins, th 
Prellure of che lower Blujd is augmented'by 
the rer n er Cn — che 50. 


In like manner, the Comparative Leviy 
nicated ro the upper Fluid in Proportion to 


Motion begins, the Preſſure” of the upper 
Fluid will be leſſened by che whole Com- 
Parative Levity of the Solid. 

If a Solid be immerſed in ſeveral Fluids, 
the Weights which it loſes in thoſe Fluids 
are as the Specific Gravities of the Raids, 
For each Weight anſwers to an bn ul 
"of CO OE Fluid, 27 Oo Pp, 
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If ſeveral Solids which are ſpecifically hea- 
vier than any one Flaid be immerſed there- 
in, the Weight which each Solid loſes, is to 
its entire Weight in Air, as the Specific * 
vity of the Fluid to che Specific Gravity of 
the Solid. For the Wei oh loſt anſwers to 
ſuch a Bulk of the Fluid, 2 is <quals in Mag- 
nitude to the Solid. 

Having found the Proportion of the Spe2 
cifick Gravity of one Fluid to the Specific 
 Gravities of two Solids, we may eaſily find 
the Proportion of the Specific Gravities of 
thoſe Solids to each other, For as the 
Weight loſt by the firſt Solid is to its entire 
Weight, ſo is the Weight loſt by the ſecond 
Solid to a fourth Number; winch, compa- 
red wich the entire Weight of the ſecond 
Solid, expreſſes the Proportion of the Spe- 
cific Gravity of the firſt Solid to the Speci- 
fic Gravity of the ſecond. For the — 
Number expreſſes a certain Quantity in 
Weg of 8 che firſt kind of Solid, which 
would loſe juſt as much. as the ſecond loles, 
and conſequently would be. equal to. its 
K. 6 

The Specific Gravities of ſeveral Bodies 
are found to be as follows: 
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Lead, as — bs = 11345 i 


8 Sterling Silver, - 20535 «= tha ho 
oper, . . 8 
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. Hammered Brals, 83449 
+ "Cat Braſs, '-' - - ice 
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The foregoing Numbers ſhew allo hov 


many Ounces Avoirdupois are contained in 
4 Cubic Foot of each Solid or. Fluid ; And 


*$ 1 * 
- 


192 Ounces Ayoirdupois are equal in Weight 
to 175 Ounces Troy. And if any or de 
foregoing Numbers be divided by 17:8, 


(che Cube of 12) the Quotient ſhall ſhen 


how many Ounces Avoir 


f $. 3 4 


voirdupois are contained 


The Specific Grayity. of a Solid lighter 


than the Fluid in which it is inumerled 
may alſo be found Hydroſtatically, by join- 

ing it to another Solid which js heavierthan 
the Fluid; fo that the whole Compound d. 


lid may be alſo heavier... How this. 180 be 


done, will be beſt underſtood from an; Ex 


- +4 * : 1 \# 1 — 


ample. 
Let there be 34 Penny Weighe gk Lead 


which being weighed in Water, loſes (up 


poſe) three Penny Weight; and let 21 Pen- 
| : 4238 " „in 15 


28. 2 -a = At 22 


n 4 
ny Weight of Wax, which is lighter than 
Water, be faſten' d to the Lead, 1o ſhall the 
Weight of the Compound in Air be 55 Pen- 
ny Weight; and let the Weight of the ſame 
Compound in Water loſe 25 Penny Weight, 
which ſhews how much a certain Quantity 
of Water weighs that is equal in Bulk to- 
me Compound Solid: But 4 Quantity of 
Water, equal in Bulk to the Lead, weighs 
three Penny Weight. Therefore a Quantity 
of Water, equal in Bulk to the Was, weighs 
(ſubſtracting 3 from 25) 22 Penny Weight, 
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STICK or COMPRESSIBLE 
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LT. has been, already ſhewn un- 
der the Head 2 epulſian, that 
' 1 $f the Particles f à Fluid re. 
n ; pell each Otkrer with a Force re- 

| . eiproctlly proportional to their 
Diſtances, ſuch a'Fhaid ſhall be Elaſtic, and 
capable of Compreſſion. 
2. The Repulſive Force, as well as the 
Attractive, ſeems to ſtop at the firſt Particles 
it acts upon, never extending itſelf to other 
Particles which lie beyond the firſt ina might 


— 


Line. 


3. When the Particles of ſuch a Fluid art 


at Reſt, they are all at equal Diſtances ton 1 


each other, For it the Diſtances Were u 
ON BE os equal, 
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r 
equal, the Repell ing Force would he greateſt 
where the Diſtance was leaſt z and conſe- 
quently. che Particles would move that way 
where the Diſtance wWas greateſt. 

4. Such a Fluid therefore would be ho- 
mogeneal, and its Denſity! or Speciſic Gra- 
vity would be proportional te the Number 
of Kepelling Particles contained in any given 
Space. ie ee 

" The Denſity of ſuch a Fluid would al- 

ways be proportional to its Compreſſion, 
which may be thus proyed.; The Number of 
equi-diſtant Particles in any given Line, is 
reciprocally as the Diſtance of the Particles: 
And the Number of equi · diſtant Particles in 
any given Surface, is reciprocally as the 
Square of the Diſtance of the Particles. For 
the Number of Particles in each Line is re- 
ciprocally as the Diſtance, and the Number 
of Lines in the Surface is reciprocally as the 
lame Diſtance of the Particles: Therefore 
the Number of Particles in the given Sur- 
face, is reciprocally as che Square of the Di- 
ſtance. Again, the Number of equi · diſtant Par · 
ticles in any gixen Solid, is reciprocally as 
the Cube of the Diſtance of the Particles: For 
the Number in each Surface is reciprocally 
as the Square of the Diſtance, and the Num- 
ber of Surfaces in the Solid is reciprocally 
as the ſame Diſtance: Therefore the Num- 
ber of Particles in the Solid is reciprocally 
1 "— as 
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as the Cube of the Diſtance. Therefore gl. 
fo, the Denſity of ſuch a; Fluid: is' recipro- 
cally as the Cube of the Diſtance of the Par- 
ticles, Now it is evident, that the Force of 
Compreſſion is in compound Proportion of 
the Number of Particles acting upon the 
Compreſſing Surface, and af the Repelling 
Force of a ſingle Particle; but the Number 
of Particles in the Compreſſing Surface is 
reciprocally as the Square of the Diſtance, 
and the Force of a ſingle Particle is recipro- 
cally as the Diſtance : Therefore the Force 
of Compreſſion is reciprocally as the Cube 
of the Diſtance, that is, as the Denſity. 
6. The Diſtance of the Particles of ſuch 
a Fluid, is proportional to the Cube Root 
of the Denſity, or Compreſſion, or Spring, 
which is always equal to the Compreffion. 
7. In all Homogeneal Bodies, the Denſi- 
ties or Specific Gravities are reciprocally as 
the Bulks of equal Weighrs: Therefore the 
Magnitude of any given Quantity of fuch a 
Fluid, is reciprocally proportional tothe 
Denſity, Compreſſion, Spring, or Cube of 
the Diſtance of the Particle. 

8. If a Fluid is compoſed of Repelling 
Particles, and if the Denſity of it be always 
proportional to its Compreſſion, then dhe 
Repelling Force in the Particles ſnall be rect- 
procally as their Diſtance. For ſince ie 

Compreſſion is as the Denſity, that is, Te 
n 1 procally 
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procally as the Cube of the Diſtance, of the 
particles; and ſince the Compreſſion is alſo. 
in compound Proportion of the Square of 
the Diſtance reciprocally, and the Force of 
a ſingle Particle directly: Therefore the 
Force of a ſingle Particle is reciprocally as 
the Diſtance of the Particles. 

9. Elaſtic Fluids conſiſt of Particles which 
don't touch each other: For if they ſhould. 
touch or come within the Reach of Attra- 
ction, the Repelling Force, and conſequent- 
ly the Elaſticity, muſt ceale. | 


Of AIR and its EUASsTICIixr T. 


T HE Particles, of Air give way to every 
_ ſmall Impreſſion, and move freely a- 
mong one another; therefore Air is a Fluid, / 
Wherefore any Force that preſſes upon 
Air, preſſes in all manner of Directions at 
the ſame tine. Pata 
Air becomes denſer when the Preſſure up- 
on it is increaſed, and expands when the 
Preſſure is diminiſh'd, as is clear from Ex- 
periments. .: 25. 8. 95 
The Force that compreſſes common Air, 
is the Weight of the Atmoſphere, and the 
pring of the Air is equal to that Weight; 
for they always balance each other, and pro- 
duce equal Effects. in 
1 e 
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We learn from Experiments, that the Den: 
ſity of the Air is proportional to the Force 
that 3 it; and conſequent! by 
the eighth Article of Elaſtic Fluids) the Air 
conſiſts of Particles repelling each other with 
a Force reciprocally proportional to their 
Diſtance. „ 3 _ 

And that the Repellent Force of each Par- 
ticle of Air terminates on the neareſt Parti 
cles, is evident, becauſe if it did not, the 
Air contained in any Veſſel would be con 
denſed near the Sides of the Veſſel. 

If the Diſtance of the Particles of Aix in 
the Receiver of an Air-Pump be only even 
times greater after exhauſting than it was 
before, the Mercury in the Gage will nile 
within leſs than one Eighth of an Inch of its 
utmoſt Height, ws ro the prelent 
Weight of the Atmoſphere: For the Spring 
of the Air is as the Cube of the Diſtance'ot 
its Particles, by the fixth Article of Elallic 
Fluids. Therefore (according to the preſent 
Suppoſition) the Spring before exhauſting, 
is to the Spring after exhauſting, as 10 

33. | TT 
; The Repulſive Vertue of the Particles of 


the Air is not to be overcome and change 
into Attraction by any known Force wildt 


ever. Therefore by the ſixth Law ofthe 
Attraction of Coheſion, and the third "Faw 
of Repulſon, the Particles of Air are Wt: 

| 2 duc 
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1379 
duced from Metals, or ſuch like hard and 
nderous Subſtances. bef4.c win. 
Wherefore, when Water is changed into 
Vapour, by having its Parts. ſeparated” and 
ut into a State of Repulſion, the Vapour is. 
leber than Air. This is the Realon why. 
Watery Vapours float in the Air, and are 
raiſed up to conſiderable Height in the At- 
moſphere, where its Weight, and conſe- 
quently its Preſſure and Denſity, is leſs than 
near the Surface of the Eartitn. 
Hence it follows, that a moiſt Atmoſphere” 
is heavier than a clear and dry Atmoſphere. 
of the ſame Height, | 
The Preſſure of the Atmoſphere upon 
every ſquare Inch, (near the Surface of the 
Earth) is about 15 Pounds Avoirdupois. For 
the Preſſure of the Atmoſphere upon every 
ſquare Inch, is equal to the Preſſure of a. 
Column of Mercury, whoſe Baſle is a ſquare- 
Inch, and Altitude 30 Inches. Now from 


4 


he Table of Specific. Gravities it will be. 


found, that a Cubic Inch of Mercury 
weighs ſomething, more than 8 Ounces A- 


voirdupois : Therefore, 30 Cubic Inches 


hall weigh. 15 Pounds. 


If the Air was 4 compreſſed Fluid, the 
Height of the Atmoſphere would be 29040 
Feet, or ſometking more than 5 Miles, 
reckoning 5280 Feet, to.a Mile: For. the 
Freſſure of one Inch Altitude in Water is 

| Squi- 


——— 


decreaſes. 


3 
WM, © 
equivalent to the Preſſure of 850 Inches Al. 
titude in Air; and the Preſſure of one lach 


Altitude in Quickſilver, is equivalent to the, 


Preſſure of 134 Inches Altitude of Water, 


Therefore the Preſſure of one Inch Altitude 


of Quickſilver, is equivalent to the Preffure 
of 11616'Inches Altitude of Air; and the 
Preſſure of 30 Inches Altitude of Quick- 
ſilver, is equivalent to the Preſſure of 348480 


Inches, tliat is, 29040 Feet Altitude of 


Air. 1 
But the Atmoſphere muſt extend to a 
much greater Height than five Miles, as the 
Air is an Elaſtic Fluid, and expands itfelF at 
all Altitudes, in Proportion as the Preſſure 
of the incumbent Part of the Armolſphere 
Dr. Halley firſt found out and demonſtrated, 
that if Altitudes in the Atmoſphere are ta- 
ken in Arithmetical Proportion. increaling, 
the Denſities of the Air, and conſequently 
the Heights of Mercury fulpended in a Tube, 
ſhall be in Geometrical Proportion "deeren- 
ſing; and from thence he thewed howero 
determine the Height of the Mercury at any 
aſſigned Height in the Air, and e contra hav- 
ing the Height of the Mercury given to nd 

the Height in the Air. 2 
If the Logarithm of any Number leſs n 
30 be ſubſtrated from the Logarithm fe, 
and the Difference be multiplied by . 
2 e 


3 
4 
U 
. 
ö 
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the Product ſhall give the Height in the Air = 
expreſs d in Feet, and the aſſumed Number | 
les than 30 ſhall be the correſpondent $ 
Height of the Mercury expreſs'd in Inches. 
Hence the following Table is eaſily made. 


Height? N Degrees of 


| in tbe 0 the dir's 

| e Expanſion. $6; 

7 : . | f 4 ; W oY 

| 14 16 4 
33 „„ 


1 42 Wn 4096 


= The Height of the Mercury anſwering to 

esch of thoſe Heights in the Air, is found 

by dividing 30 Inches by the Degrees of the 
Air's Expanſion,” © ESRI LS 

Wherefore, at the Height of 42 Miles in 

the Air, the Height of the Mercury would 

N 8 more than the hundredth Part of an 

nch. | if | | bs 3 k 
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F Dames and PeESTILENC "a 
ALE common Air is impregnated with a 
certain Vivißhing Spirit, which is abſo- 


lutely neceſſary to the Preſervation and Con- 
nuance of the Animal Life. 
17 Every 


[140 ] 
Every time the Air paſſes out of the I 
of — Animal, Part of the Via ing B08 
is either deſtroy'd or left behinßc. 
Theſe two Articles are evident, becauſe 
an Animal dies as well for want of 505 
Air, as for want of Air. 
It is found by Experience, that the Vivi- 
fying Spirit in àa Gallon of common Air, is 


| ſufficient for one Man about the Space of one 


Minute, and not much longer. 
The Vivifying Spirit in Air is inflamma- 
ble, or of a Nature proper to feed Fire, and 
capable of being burnt and conſumed there- 

by. This is evident, 
1. Becauſe the Vivifying Spirit is actual 


deſtroy d by making Air paſs through ihe 


Fire. | 

2. Becauſe when the Air has paſs d the 
Fire, and loſt its ** Spirit, it will 
deaden red hot Coals, and extinguiſh Flame. 


3. Becauſe blowing of Fire makes it Hrn 


ficrcer, except when the Blaſt is ſtrong enough 
to diſſpate the Particles of Fire inumediate- 
ly: For. the Current of Air feeds the Bus 


with a continual Supply of inflamumable Par- 


ieee, - len > 
4. Becauſe Fire goes out of itſelf, I ic he 
not fed with freſh Air. , 
5. Becauſe Cuſtom teaches, that the bel 
way of making Fires is to contrive, nt g- 


ly that they may be ſupplied wich ire 12 
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but that the Air, which paſſes thro” the Fire, 
may be thrown out thro*. a Tube or Chim= 
ney, as being afterwards uſeleſs, or perhaps 
hurtful, both to the Burning of the Fire, 
and the Reſpiration of thoſe that are near 
the Fire. 

Air that has loſt the; Vinifying Spirit may 
be called a Damp, not becauſe it is filled 
with humid or moiſt Vapour, but becauſe it 
= deadens Fire, extinguithes Flame, — de- 
ſtroys Life, 
| * — ot warming Room 
by ſupplying it wi r te paſting - 
theo lde Fire, or a red hot Tube, : ht to 
be rejected as dangerous, decauſe it fills the 
Room with an unwholeſome Damp, inſtead 
of freſh Air; and therefore, in {mall and 
cloſe Rooms, it may prove mortal, unleſs 
there be a ſpcedy Adeuſſion of haalthful and 
ſpirituous Air. | 
The Elaſticity of a Damp is. equal to the 
Elaſticity of common Air ; for the Spring of 
the artificial Damp in the Receiver is * 
to the Weight of the Atmoſphere. 

Air may be changed — a Damp, not 
only hy p bro" the Fire, or thro" the 
Lungs of an but allo b N 


tion and Putrefaction of the Vivifying = 
= as in the Hold of a Ship, or in Gil 
3 have been emprie for {ome 
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. The ſenſible Qualities of things purrefy'd; 
are different from the ſenſible Qualities which 
they had before Putrefaction, and affect the 
Bodies of Animals in a different manner. 
: Wherefore, during the Time that the Vi. 
vifying wel of Air is utrefying,. it may 
teaſonably be conceived to undergo ſuch 
Changes as may quite alter its Nature, and 
endue it with malignant and poiſonous:Q 
lities of divers Kinds and Degrees, till the 
putrefaction is finiſh'd, and the Spirit Entire. 
ly deſtroy'd and diſſipated; 4s if it an 25 
ſed thro he Fire [4 
If a conſiderable Part ab 1 Wige 
Span of the Air in any Country begins to 
utrefy, the Inhabitants of that 'Qountry 
will be ſubject ro an Epidemical Dizale) 
which fall continue fora certain Period, 
till the Putrefact ion is quite ſiniſſi d. 
If as the Putrefy ing Spirit occafions! the 
Diſcafe;” ſo tlie Diſeas'd* Body contributes 
towards putrefying the Spirit of the vitcum⸗ 
ambient Air; then the Diſtemper fall not 
only be Epidemical, but allo” Peſtilential 
and Oontagious ERR 
Every Particle of Salt conſiſts as 1 diy; 
earthy; attracting Particle in che Centet, en- 
compaſſed with an acid, watry Fluid, which 
i retained and held faſt by the Central At. 
traction. For if it were not for the Ge 
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would conſtitute a Fluid; and if there were 
no watry Acid, the Salt would not be diſ- 
ſolvible by the Moiſture of the Tongue, nor 
a& upon the Taſte. c ed e 
If che vivifying Spirit of the Air be a ni- 
trous Salt, às is commonly believed, the 
manner of its Putrefaction is deſcribed by 
Sir Iſaac Newton., in the 3 1ſt Mey, at the 
end of his Opticks. jo 8d f buona 
As Gravity makes the Sea flow round the 
© denſer and weightier Parts of the Globe of the 
Earth, ſo the Attraction may make tne watry 
Acid flow round the denſer and compacter 
particles of Earth for compoſing the Particles 
«© of Salt. For otherwiſe: the Acid would not 
do the Office of a, Medium between the Earth 
and common Water, for;making}.Saits dis- 
* (olvible in the Water; nor would Salt of 
© Tartar readily, draw off the Acid from diſ- 
loved Metals, nor Metals the Heid from 
Mercury. Now as in the great Globe of 
the Earth and Sea, the denſeſt Bodies by 
their Gravity fink down in Water, and al- 
ways endeavour. to g towards the Center 
of the Globe; ſo in Particles of Salt, lie 
denleſt Matter may always endeavour to ap- 
| proach the Center of the Particle: So that 
a Particle, of Salt may be compared to 
Chaos; being denſe, hard, dry, and earth 
* in the Center; ang rare, ſolt, moiſt, and 
- watly in the, Eircumference. And hence it 
bir! * ©Cleems 


L444 


2 ſeems to be that Salts are of a laſting Natur: 
_ being ſcarce deſtroy d, unleſs by drawi 
* away their watry Parts by Violence, or by 
* letting them ſoak into the Pores of the Cen 
: « tral Firth by a gentle Heat in PutrefaQion, 
g © until the Eärch be diſſolved by the Water 
and ſeparated into ſmaller Particles, which 
* by reaſon of their Smalneſs make the rotten 

Compound appear of a black Colour. Hence 

© alſo it may be, that the Parts of Animal 
© 2nd Vegetables preſerve their ſeveral Forms, | 
and aſſimilate their Nouriſhment ; che ſof 

and moiſt Nouriſnment eaſily changing it 
Texture by a gentle Heat and Motion), till 
it becomes like the deniſe, hard, dry; "and 
durable Earth in the Center of each Pult. 
<cle. But when the Nouriſhment gros un- 
5 itt to be aſſimilated, or the Central Barth 

gtows too feeble to aſſimilate it, the Motion 
1 ends in Coen renten and Death, 


2 Hear, Varouns, ai Frau! 


E AT is communicated 22 Fi 
brations that Fire imp upon thc 
Ache otherwiſe Heat could my be com- 
municated through the Artificial Varun 
The Elaſticity or Repulſive Vertue otic 
Particles of the Air is increaſed by wer: 
| For if a Bladder, which't is about half * 
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hid before the Fire, in a very little timt it 
will be diſtended and burſt. 

Fire communicates a Repelling Force to 
the Particles of all Bodies whatſoever, whe- 
ther ſolid or fluid, and that Repelling Force 
increaſes as the Heat increaſes. - Thus if a 
Flask be fill'd with Water only to the lower 
Part of the Neck, and then ſet upon the 
Fire, the Water, when it begins to grow 
warm, ſhall riſe into the Neck, and con- 
tinue to aſcend _ and higher as the Heat 
augments. So alſo in ſolid Bodies, it is evis 
dent, that the Action of Heat tends to lepa« 
rate their Parts; that is, it makes them fly 
from, or repell each other, For if a Bar of 
Iron be heated, it ſwells and increaſes its 
Dimenſions ; but yet the Parts continue to 
ſtick together, ſo long as the Diſtance to 
which are drawn 57 the Repulſion, is 
leſs than the Semidiametet of the Sphere of 
Attraction: When that Diſtance is almoſt 
equal to the Semidiameter, the Iron melts 
and becomes fluid; when the Diltance is 
greater than the Seniidiameter, the Particles 
- | is off, and conſtitute an Elaſtic 

vid, 3 

Heat is produced by violent Attrition, 
and alſo by the near approach of Bodies that. 
ae Area, r TEES, 

For when the Parts of Bodies Are agita- 
ted, either by — or any W 

| | ing 
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ing Heat, the Æther included in the Pores 
of thoſe Bodies is alſo agitated and vepel. 


led, and endeavours to expand, as in Ekc.: 
trical Attraction we find it does expand all 


round the Surface of the Electrical Body, 


And as the Agitation of the. Parts of the: 


heated Body increaſes, ſo the Elaſticity of the 
included Ether increaſes alſo, till by degrees 
the Pores ate widened, the Attraction of Co- 
heſion overcome, and the ſolid Parts ſepara» 
ted or thrown off into a State of mutual 
Kepulſion. e 
© Thoſe Bodies, whoſe Parts are ſeparated hy 
a gentle Heat, are called Volatile ; but l 
Bodies whofe Parts are not ſeparated with- 
out à ſtronger Heat, or perhaps not_with- 
out Fermentation, are called faxed Bodies. 


* Thoſe Motions which are produced in 


Bodies by the Attractions or Repulſions of 
their conſtituent Particles, are called . 
mentation, as all Chymical Fermentation 
ſeem to be of that Nature. ".; 274, 
A fis d Body can receive no greater De- 
luce it into the Form of a boiling Fluid. 
For when the /Ether, meeting with no le 
ther Reſiſtance, finds an eaſy Paſſage between 
the Particles, the Augmentation of the Els 
ſticiry is chen ar an end. Therefore Water 
that has boil'd for a conſiderable time, 1800 
hotter. than when it firſt began to boy 57 


© 


gre of Heat, than what is ſufficient to ge- 
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By how much greater the Force is, which is 


required to looſen and remove the Particles 
of which a Body is compoſed, by ſo much 
greater is the Degree of Heat which that Bo- 
dy is capable of receiving.” Hence it is, 


that the Heat of melted Metal is much great- 


er than of boiling Water; and that Water 
boils with leſs Heat in Vacuo, than when 
its Parts are preſſed together by the Weight 
of the incumbent Atmoſphere; and there- 
fore, no doubt, the Heat of boiling Water is 


greater when the Air is clear, than when it is 


moiſt and rainy; and perhaps the Intenſeneſs 
of the Sun's Heat is owing to the vaſt Weight 
and Denſity of his Atmoſphere. 8 

When the Agitation of the ſuperficial 
Parts of any fixed Body is great enough to 
emitt the tber copiouſly in Right Lines, 
then that Body becomes briglit or luminous. 

If the Parts of a Body are agitated by 
Heat, to ſuch a Degree as to make them 


ſhine and become luminous, that Hear is 


= Fire, and the Body is laid to be Re — 
ö That oroſs, terreſtrial, or ſul bareous Ex2. 
halation which aſcends from ſuch Bodies as 


are on Fire, is what we vulgarly call Smoak; 


and if the Smoak itſelf be on Fire, it be- 
comes Flame; for Flame is "nothing but 
red-hot, or ſhining Smoax. pe! 
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The Heat of Flame may be made more 


intenſe, by blowing it out with a Tubeinto; 


o - 


1505 q long Stream; for the Blaſt and the 
Air that encompaſſes che Stream, afford: 
very plentiful Supply of ſpirituous anq in- 
dammable Particles. ris; ee 
-- When Watry Particles are ſeparated and 
thrown off by Heat, the) alſo acquize 4 


Vertue of xepclling each other, and,comſti- 


ute an Elaſtic Fluid, which is called Va- 
Vapour has the greateſt Elaſticity, ſo long 
as it continues hot; for Cold quickly:de- 
ſtroys the Elaſticity, an 


into Water again. 


- The Swengch of heated and cqnfigecd a- 
pour is Very well Known by its raiſing Wa- 
der, digeſting Bones, and burſting little Glals 
Spheres with a Report like that of a.Piltol. 
The ſtrongeſt Vapour - is that which ig pro- 
duced from the Watry Acid of Nitre in the 


Evi 0 


powder ; for by means of he 
Charcoal an Ke 


Sulphur, and Acidity of 


Fluid of which the Nitre is compoſed, the. 


rarifying Heat upon every Particle of whe 
Vapour is erh ſudden and yiolenz, 


Vapour. aſcends ſo long as the Repelling 


on 


Forge is ſuffictent to keep the Particles as. 


« 


ſuch a Diſtance, as makes the Specitic Git» 


vity of the Vapour leſs than the. Specike 
Gravity of Air; but when Cold has pong 


turns dhe Vapour 


W the Particles cloſer rogether; it deſtends as ĩt 

were by Diſtillation in Miſt and Rain. 

The biggeſt Drops of Rain fall from the 
bigbelt eder; Or ace Vapour defcends, 

it meets with © other töating or feeding 

view in its Pafſige: Hence the Drops ot 

Ran in Summer Are common larger t than 

in Winter. 

The very odd Phnomen of Glafs La- 
chryme, which are made by dropping ich 
ed Glifs web Water, Ker te e TRE I 
rural and genuine Effects of Heat and 
Cold Ff, | 

r. The melted Glaſs, 25 it falls tiroogh 
the Air, begins to cod, and conſee quently ro 
ſhrink'; upon Which the external Parts have 
an Opportunity of attracting each other, and 
forming a thin Surface or Skin * compact . 
and hard Glaſs. 4A 

2. But the main Body of the Lachryma, be= 
fore it reaches the Water, continues melted, 
and therefore the Diſtance of the Centers of 
the Particles is but little leſs than the Se- 
midiameter of the Sphere of Attraction. 

3. When the Heat is ſuddenly check d by 
the Water, the Dimenſions of each Particle, 
and of its attracting Sphere, are immediate» 
ly leſſened and contracte. 

Wherefote, when the Eachrymg.; is cold, | 
al its internal Particles are in a State of Res 


J. 3 | pulfon, 


L150 1 

pulſt on, being without the Reach of: a 
oY Attraction. 

. So long as the Elaſtical Preſſate pos- 
I equal in all Parts, the external Sin 
of ſolid. Glaſs is ſuſſicient to conſine it but 
as ſoon as the Stem is broken off, and the 
repell'd Particles are at Liberty to begin to 
move, and in moving are accelerated by tc- 


a 1 Actions of the repelling Force, a 
ſt the whole Maſs ſuddenly burſts, an 


divides itſelf into a kind of youre rranſparen 


Sand. 
> oh 2 be made red hot, and ſuf. 
fered to cool leiſurely, ſo that the Particle: 
may attract each other as they -ſublide, it 
ſhall be entirely changed i into . dae 
"ER Glals. : (66h 


Of Puzvnatic Eee 


ALL thoſe Inſtruments or Machines tht 
work by means of an Elaſtic Fluid, may 
be called Pneumatic Engines. 

One of the moſt ſimple is the Exhauſt 
ing Syringe, which is nothing but a com- 
mon Syringe, with a Valve permitting thc 
Air to enter through the Orifice into the Bo- 
dy or Barrel of the Syringe when the Piſton 
is drawn; but not to return back in 
through the _ ben the Piſton es 
icends, 
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be Condenling Syringe! is of the like 
Nature, only the Valve ſuffers the Air to 
paſs out of the Body of the Syringe when 
the Piſton deſcends ; but not to enter again 
when the Piſton aſc ends. 
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The Air Pump is in Effect nothing but 


two Exhauſting Syringes, communicating 


with each other, and acting alternately, - ' 
The Effect of the Cupping-Glaſs has 


ſometimes been aſeribed to the Spring of 


Air mixed with the Blood; but ought rather 
to be imputed to the Weight of the Atmo- 


ſphere preſſing upon thoſe Parts of the Blood - 
Veſſels which lie without the Glaſs, For, 


1. It is plain, that the Weight of the At- 


moſphere is ſufſicient for that Purpoſe. 


2. It is not certain, that there is an Air 
mixed with the Blood at all. 

3. But, from ſeveral Trials, it ſeems to be 
pretty certain, that there is not in the Blood 


a ſufficient Quantity of Air to anſwer the 


Force with which the Fleſh is raiſed into the 
Glaſs in cupping. . 1 

The Diving - Bell is another Machine, 
whoſe Ule depends upon the Elaſticity of 
the Air. This Engine is deſcribed by 


Dr. Halley in che following Permj:ss 


„The Diving-Bell is moſt. conveniently: 
made in the Form of a Truncate Cone, tlie 


© ſmaller Baſis being cloſed; ang the larger 
* open, and ought to be lo poiſed with 
| x K L - Lead, 


1 
i © Lead, and b ſuſpended, that the Veſſel 
„may fink full of Air with irs greater or 
oo. Baſis downwards, and as nea as 
* may de in a Situation parallel to the Ho. 
— ſo as to cloſe with the Surface, of 
© the Water all at once. Under this'Cou. 
7 verele, the Diver fitting, ſinks down, to- 
ther wicht the included Air, to the De pth 
eſired; and if the Cavity 'of rhe Velſel 
; may contain a Tun of Water, a- ſingle 
Man may remain therein at leaft an Hour, 


© without much Inconvenience, at ive or lx | 
©. Fathoms deep. | 


| The Preffure upon the Surface of the Wa; 4 


ter is nothing elſe but the Weight of The 
Atmoſphere; at the Depth of ſix Fathoms 


the Preſſure is equal to twice the Weight of 
the Atmoſphere; at the Pepth of twelve 


Fathoms, the Preſſure is equal ro thrice the 
Weight of the Atmo here; at the Depth 


to four times the Weight t of the Amer 
ſphere; and ſo on continua ly. 


Wherefore, at the Depth of ſix Fathoms: 


the Bell will de half full of Water, and. 
half full of Air; at the Depth of twee 


Fathoms, it will be two Thirds full of Wa. 


ter, and one Third full of Air; at the Depth 


of cighteen Fathams, it will be three 5 4 


full of Water, and one Fourth full of A 3 
at the Die 8 twenty. Tour Fathoms, it 


will 


+ - 


of eighteen Fathoms, the Preſſure is equal 


P 

A 
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will be four Fifths,fullof Water, and one 


Fifth fullob Ain .. 
But Dr. Halley has entirely pet ſected / the 
Arr of liv ing under Water, by ſhewinghow 
to farnith, reſh, Air-at the Bottom of: the 
Sea, in any ordinary Deptbs 
He gives the following Account of it in 
the Philoſophical, Tranſacfions for: Sept. 1716. 


The Bell I made uſe of -was.of Wood; 


containing about ſixty; Cubic Font in its 
Concavity, and was of the Fot m of a Fynn 
* cate Cone, whole Diameter 41 Top was 
three Foot, and at Bottom fut. his 1 
* coated; with Lead ſo heavy, that it would 

link empty, and L diſtributed the Weight 
0 about its Bottom, that it would go 
* down in a perpendicular Situation; And no 
other. In the Top, L bed a ſtrong but 
clear Glaſs, as a Window to led in the 
Light from aboveg and likewiſe: a Cock 
to let out the hot Ait that had:beewbreath- 
ed; and below, about a Vard under the 
* Bell, I placed a Hiage which hung b & 
Ropes, each of Which was ell with* 
about one hundred Weigtt, 1d. keep it 
teddy. This Machine I. fu ed from 
the Nag of a Ship by. a Sprit, which Was 
* ſufficie 
head, andwasdiredted| by Braces to 
it over boarde let of the: Shipsfidez-arid? 
ta bring it again within- board as Ocraſion 
* Jequired, WS 


0 


y ſecured! by: Stays to tha Maſt- 
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_ © firſt liſted uß. 
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To ſupply Air to this Bell when under 


The Air-Barrels being thus prepared, I 


was done with ſo much eaſe, that two 
Men, wich leſs than half their Strength, 
© could perform all the Labour required; 


A and in their Deſcent they were directed by 
Lines faſtned to the under uy of the 


© Bell, the which paſs'd'through Rings pla- 
©. ced on both ſides the Leathern Hoſe in each 
Barrel; ſo that ſliding: down by, thoſe 


_ © Lines they came readily to the Hand ofa 
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Man, who ſtood on che Stage on puxpole 
. F | en to 


[ 3557) 
to receive them, and to take up tlie Ends 
* of the Hoſe into the Bell. Through theſe 
© Hoſe, as ſoon as their Ends came above 
the Surface of the Water in the Barrels, 
* all the Air that was included in the upper 
Parts of them was blown with great Force 
into the Bell, whilſt the Water entred at 
the Bung- holes below and filled them; and 
© ſo ſoon as the Air of the one Barrel had 
been thus received; upon à Signal given, 
© that was drawn up, and at the fame time 
the other deſcended ; and by an alternate 
succeſſion furniſhed Air ſo quick, and in 
ſo great Plenty, that I myſelf have been 
© one of five tho have been together at the 
* Bottom, in nine or ten Fathoms Water; 
for above an Hour and à half at a time, 
* without any Sort of ill Conſequence; and 
© I might have continued thete as long as I 
© pleaſed, for any thing that appeared to the 
* contrary.- Beſides, the whole Cavity of 
© the Bell was kept entirely free from Wa- 
* ter, ſo that I ſat on a Bench, Which Was 
diametrically placed near the Bottom, 
© wholly dreſs'4 with all my Cloaths on- 
J only obſerved, that it was neceſſary to 
© be let down, gradually at firſt, as about 
twelve Fodt at a time; and chen to ſtop 


and drive out the Water that entred, by 


receiving three or four Barrels of freſh Air, 


* before 1 deſcended farther, But being ar. 
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64 fvedut the Depth defigned, 'I chen let ddt 


© ag) much of the hot Air that had been 


© breathed; as each Barrel would repleniſh 


wWitli cool, by means of the Cock at tlie 
Top of the Bell; through whoſe Aperture, 
though very ſmall, the Air wouldi:thſh 
wich ſo much Violence, as to make the 
Surface of the Sea boil, and to cover it 


© with" a white Foam, notwithſtanding: the 


great Weight of Water over us. 


Thus 1 found I could do any thing that 

required to be done juſt under us; 
taking off the Stage, I could. 
© for a Space as wide as the Circuit of the 


© was 
and that, by 


© Bell, ay the Bottom of the Sea ſo far 
dry, as not ro be over Shoes thereon. And 
bye the Glaſs Window, ſo much Light Was 

tranſmirted, that, When the Sea was clear” 


and eſpecially wien the Sun ſhone, I could 
© ſee perfectiy well to write or read, mur 
more to faſten or lay hold on any thing 
under us, that was to be taken up“ Aud 


* by the Return of the Air- Barrels, I often 
ſent uß Orders, written with an iron Pen 
Joneſmall Plates of Lend; directing howto 
move us from Place to Place, as Occaſion 


required. At other times, when the Wa 
ter was troubled and thick, it would be 
dark as Niguie below; but in ſurh Ciſe 
have been able tõ keep a Candle burning 


pleaſed, norwinh-" 
_ 


Tin alieBellas long:as 1 
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© ſtanding che great Expence of Air requi- 
< fite-to maintain Flame. 1 
_ © This I take to be an Invention applica- 
© ble to various Uſes; ſuch as Fiſhing for 
© Peart, —_— for Coral, Spunges; and 
© the like, in far greater Depths than has 
© hitherto been thought poſſible: Alſo ſor 
« the fitting and plaining of the Foundati- 
© ons of Moles, Bridges, Cc. upon Rocky 
© Bottoms ; and for the cleaning and ſcrub- 
© bing of Ships Bottoms, when foul, in calm 
© Weather at Sea. But as I have no Expe- 
© rience of theſe Matters, I leave them to 
© thoſe chat pleaſe to try. I ſhall only inti- 
© mate, that-by an Additional Contrivance, 
© I have found it not impracticable for 4 
Diver to go out of our Engine to à good 
© Diſtance from it, the Air being conteyed 
* to him with a continued Stream by ſmall 
flexible Pipes; which Pipes may ferve'as 
© a Clew to direct him back again, when he 
would return to the Bell. But of this 
© perbaps mare herea fte... 


Common Thermometers nd only 
upon the rarifying and condenſing of Flu- 
ids by Heat and Cold. 3 


Tue Mercurial Barometer is nothing but 
a Column of Mercury ſuſpended by the 
breſſure of the Atmoſphere in à "Tube, che 
upper End of which is ſealed, the lower End 
open, and immerſed in Mercury. 5 GE 


r 1 
* B- ———__—__—_—___ oe * 


e 
Wherefore, it is evident that the Length 
of the Column of Mercury mall increaſe 
and decreaſe, as the Preſſure or Weight of 
the Atmoſphere increaſes and decreaſes. 


The Weight of the Atmoſphere in any 
particular Part of the World may be actually 


diminiſh' d, when the Quantity of the incum- 


bent Air is diminiſh'd, being drawn off by 


two contrary Winds blowing at the ſame 
time from the ſame Place, whereby the 
floating Vapours begin to fall, and in falling 
to form Drops of Rain. 
Or the Weight of the Atmoſphere may be 


in Effect diminiſh'd, when its Preſſure is in- 


tertupted and broken by the Courſe of vio- 
lent Winds paſſing over any Place. Hence 


the Barometer generally {inks both in ſtormy 


Weather, and in calm rainy Weather, 

The Weight of the Atmoſphere may be 
increaſed, when the Quantity of the incum-/ 
bent Air is increaſed, being condenſed -and* 
accumulated;by. two contrary” Winds blow- 
ing towards the ſame Place, whereby the 
floating Vapours are carried upwards, 'and 
ſulpended in the Air at a great Diſtance from 
the Earth. Wherefore, in ſerene and calm 


Weathet, the Mercury generally ſtands high. 


In thoſe Parts of the World where the” 


Winds are conſtant, as near the Equinoctial, 
there is but little Alteration in the Height of 
whe Barometer: For that Alteration depends 

ox Pf upon 


159 J : 
upon the different Preſſure of the Atmo- 
ſphere, and the Difference of that Preſſure 
depends upon the variable Winds whereby 
the Air 4s accumulated or carried away. 
Therefore the Height of. the Barometer will 
vary moſt remarkably, in thoſe Regions that 
are ſubject to variable Winds. 

A Gun is another Pneumatic. Engine: 
For the ſwiſt Motion impreſſed upon the 
Bullet, is nothing but the Effect of the very 
great Elaſticity of nitrous Vapour or Flame. 
When any Gun is diſcharged, the Quan- 
tiry of Motion impreſſed upon the Piece, is 
equal to the; Quantity of Motion impreſ- 
{cd upon the Bullet; and in a contrary: Di- 
rection, the Motion of the Piece is called 
Recoiling. . N 
Tbe Velocity with which the Piece re- 
coils, is to the Velocity of the Bullet, as the 
Weight of the Bullet is to the Weight of the 
Piece. Therefore the only way to diminiſh 
the Velocity of recoiling, is to add more 
Metal, and increaſe the Fortification { or 
Weight) of the Piece. 2 ir 5435 
The Force by which a Rocket mounts in- 
to the Air, is of the ſame Nature with the 
recoiling of a Gun; the Elaſticity of the 
| Vapour being leſs where it expands and finds 
Vent, than where it is conſine. 
All manner of: lyſtruments for conveying 
or augmenting, of Sound, are alſo Pneuma- 
tical. Sound 


85 


Sound is occsſiomd et exoired by the 
firiking of condenſed Air 2 the Drum of 
the Ear. 

Ude r is Cendenbe de W ob whit 
Sound, either by the Colliſion of two Bodies 
or the quick Vibrations of an elaſtic Body, or 
the ſudden and torcible Return of A into 
a Vacuum. 
As ſoon as the condenſing Foree ceaſes 
the condenſed Air begins to expand, and in 
expanding to condenſe the next adjacent Air; 
which afterwards expands alſo, and con- 
denſes other neighbouring Air. 

Thus the Condenſation of the Alris ps 
pagared ſucceſſively in a Sphere, whoſe Cen- 

is that Point where the Condenſation be. 
an. 
e As the condenſed Sphere ſpreads 50 in- 
creaſes in Diameter, ſo the Condenſation of 
the Air, and conſequently the Loudneſs of 
the Sound, decreaſes, till at laſt it becomes 
imperceptible. 

As the Air condenſes and expands, the ſe 
veral Particles are made to oſcillate Ike 2 
Pendulum, moving firſt forward, and then 
back again into their former places, being 


driven back by the Condenfation of the next 
adjacent Air. 


Condenſation of the Air deereaſes; "bur the 
Time of Oſcillation continues the fame, 2. 


The Lines of Ofciliarion Jecredfe! as the 


[161 J 
23 the Bigneſs of the Arch deſcribed makes 
no Difference in the TW of the enn 


of a Pendulum. 
Wherefore the Motion of Sound: iis aaks 


form, and keeps the ſame Velocity fromthe 
Beginning to the End of its Courſe. 

In the ſame Conſtitution of the Air, all 
Sounds move with the ſame Velocity: For 
two Sounds of the ſame Tone differing in 
Loudneſs only, may be conſidered as one 
and the ſame Sound, taken at different Di- 
ſtances from the Center. 

As to:Sounds of a different Tone, it has 
been already proved, that they are Grave in 
Proportion to the Slowneſs, and Acute in 
Proportion to the Quickneſs, of the og 
nal Impreſſion, whereby the Air is at firſt 
condenſe Now it is evident, that the Di- 
ſtance to which the Air ĩs condenſed by that 
Impreſſion, is proportional to the Duration 
of the Impreſſion, which is alſo equal to the 
Duration of the ſubſequent Oſcillations of 
each Particle of Air. Wherefore, by how 
much the Sound is graver, by ſo much is the 
Oſcillation: flower, and by fo much alſo is 
the Diſtance to which the Air is condenſed 
at every Oſcillation greater. Wherefore 
Grave and Acute Sounds move Et the 
ſame Velocity.” 

If the Denſity of the Air meren in the 
ſame Proportion with its Elaſticity, the Ve- 

; onde _ I locity 
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locky of - Sound, ſhall continue tg Gamb « 
beſdre t For tþe Augmentation af the mays 
ing Force will be proportional do the Aug. 
mentation of the Quantity * Numer to de 
E 
Sound has been abſtrved: to — at the 
tate of about 4432 Feet in a Second of 
Time: or nearly 13 Miles in a Minute. 
Ihe Diſtance ot 4442 Feet in a Second, 

| is intended to expreſs the Velocityof Sound 
in Spring and Autumn. But inthe Winter, 

when Cold increaſes the Denſity ot 1 
and leſſens the Eluſticity, the Velocity 
lels: And in Summer, when Heat: At. 
niſhes che Denſity; and increaſes tlie Elaſti. 
city, che loch greater (68010044! De 
in a ;$egonde. 
_ Speoking-Trumper, the Tube which 

binders dhe Spreading of the Sphere, increi- 
es the Condenſatien of the Air g the con- 
denſed Air being thrawn by che Oppoſit ion 
it meets with into the Aale ot che Tube, 
from thence begins to dilate ahd-ſpread/it- 
{elf as before, but with a greater Force; und 
in like manner, the Force receives anew 
Inereaſe, every time the Dilation of tlie Sphete 
is obgructed by the Reſiſtante af the Tube. 


ence it is, that the Augnientation of 
Sound paſſing thro a Tube r 'Prumpet, is 
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phy which treats of Viſion and 
Vile Objects, is called Opticr. 
— All Viſion is performed by 
Rays 6f Light proceeding from the viſible 
Object, and entring che Pupil of the Eye. 


the Rars of Liens. 


4 Ray of Light is a Stream of Arber 
emitted from a Luminous Body, and 


pepe en fn a Right Line, till it meets 
with fome Obſtacle, or new Force, that 
ſtops it, or alters its Direction. 
2 If Light conſiſted only in Preſſure or Mos 
tion propagated thro a Fluid Medium, it 
would 1 itlelf behind an opaque Ob- 
a, and bend into the Shadow): For what= 
oever Force preſſes upon any Point of a 
Fluid, is propagated from that Point, not 
only in the Line of the Direckion of the 
Fore but” alſo in all manner of Directi- 
ons- 83 
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From Obſervations of the Eclipſes of che 
Secùndary Planets revolving about Jupiter, 
Aſtronomers generally couclude, that Light 
ſpends about 7 or '8 Minutes of Time in 
paſſing from the Sun to our Earth. Sound 
moves about 13 Miles in one Minute of 
Time, that is, about 100 Miles in the ſame 
Space of Time that Light ſpends in moving 
from the Sun to the Earth, which is 0 Mil- 
lions of Miles. Therefore Light moves 


N \.. 7.00000! times faſter than Sound. i 


Tue Sun's Rays being emitted inte the 


ec elaſtic Æther, which is expand- 
ed thro all the Heavens, will cauſe the . 
thereal Particles to oſcillate, (as the Parti- 


cles of Air oſcillate in the Propagation of 


Sound) and to form Waves, Pulſes, or Vi- 
ar Heat will be convey'd and 
d from the Sun to uus. 
Every Viſible Point of any Object emitts 
t_ Light into all Parts, from whence 

that Point is viiible. EY 


_ Wherefore the Rays of Light proceeding 
from every Point of an Object, and paſſing 


thro any ſmall Hole, ſhall form, on the 
other {ide of the Hole, an inverted Picture 
of that Object upon any opaque Surface on 
which the Rays fall. 1 

The ſmaller the Hole is, the more diſtinct 
and perfect Thall the inverted Picture be. 1 


— 
* 


1 
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If che Hole be in the Middle, between the 
Object and the Surface upon which the Pic- 
ture falls, the Picture ſhall be juſt as big as 
the Object; and in all Caſes, the Bignels of 
the Picture ſhall be to the Bigneſs of the Ob- 
ject, as the Diſtance of the Surface from the 
Hole is to the Diſtance of the Object from 
the Hats © ES” $4 

Wherefore, the Bigneſs of the Picture 
may be increaſed either by removing the 
Surface farther from the Hole, or bringing 
the Object neater to the Hole. | 

Thus the Rays of Light which enter the 
Pupil of the Eye, delineate upon the Optic 
Nerve inverted Repreſentations of all Op- 
jets from-whence thoſe Rays proceed. 
But thoſe Repreſentatians ate render'd 
much more perfect by the Refraction of the 
ſeveral Humours of the Eye, thro which the 
Rays) paſs before they axtive t the Optic 
Nerve. | | — 
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Of RERTR ACTION 


very thing that. tranſmitts the Rays of 
Light is called a Medium, as Glals, Wa- 
ter, Air, Cc. | | | 


In a ſimilar uniform Medium, the Rays 
of Light proceed in right Lines. 

If a Ray paſſes from one Medium to ago- 

ther in a Line perpendicular to the common 
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Surface where thoſe Mediums jolt. it ſhall 
go on Mill in the ſame right Line. 

If 4 Ray falls obliquely upon the com- 
mon Surf ace of two Mediums, it Hall be 
bent in 'paſſing' from dne Medium” to the 
other; and that Bending of the Ray is cal 
led Refrattion. | 

As the Ray paſſes through the firſt Medi. 
um to the common Surface, it is called the Jn. 
cidem Ray; as the Ray paſſes from the com. 
mon Surface through the ſecond” Medium, 
it is called the Refratked Ray; and the Point 
where the Incident Ray falls Foam the com- 
mon Surface, is called the int of Hei- 
dence, 
A Line drawn through the Point of In- 
We bbc ar tight Angles 0 the common Sur» 
ace, both above and below it, is called the 

Perpendicular. FW 

The Angle made by the Perpendicular, 
and the Incident Ray, is called the Angle of 
Incidence ; and the Angle made by the Per- 
pendiculit and the Refracted Ray, is called 


the Angle of Refraftion. 


The Sine of the Angle of Incidence, is 
called the Sine of Incidence ; and the Sine of 
the Angle of Retraction, is called the Sine 
of Refractian. | : 

In all Angles of Incidence, out of one 
Wo n into Wt given Meals 

e 
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the Sins of lacigenee 1 is to the Sine of fe- 
fraction in a given P opoftion. *. 
The Pro portign of whe Sir ines of Incidence 
and Refradtio out bf Ab F Air into W. ter, is 
nearly ao 0g out I. Ain inte Ell 4 as 3 
to 2; of of Air into Digmon 48 5 to 2 
and, on the contrary,.-Gut of thole ſeveral 
Medium into Air, the Proporirgn nearly 
as 3 to 4 a5 þ to/ and as 210 5. 
he es of Intidence and RefraQion, 
out of Glals. into Wager, a 27e nn compound 
Proportion f the. Jinss Ineldence and 
Refraction ut of Glaſs into Air, and of 
the Sines of Incidence and RefraRtion out of 
Air into Water; that is, in compohnd Pro- 
portion of 2 to 3, and 4 to 3, or is 8 to 9. 
Let ABCD 2 4 a_ ſolid” Piece of 
Glaſs, A B the eommen Surface between 
Gu and Air, E the Point of Incidence, 
FE the Igeident Ray, E K the Refracted 
Ray. EER the Angle of Incidence, NG 
the Fine of Incidence, SEK the Angle of 
Refractiön, PK the Sine of Refractioſf, or 
KE the Beiden Ray, EF the Refracted 
Ray, PK the Sine of Hncidetiec, and N GG -- 
I Sine of Refration, - BEA . 
If FE be given, EK may BY thi found. - 
On the Center E, Wich any convenient Di- 
ſtance, Aeſcribe x Circle cutting FE N; 
through ke Point E gach K Sar Bb: 
Angles to A5; and fromthe Point N, draw 
| M 4 NG Ss 


7 


E., draw K P Z parallel to A B, dyide pK 


{ 168 ] 


NG T parallel to A B. Divide AG into 
three equal Parts, make G H equal to two 
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of thoſe Parts, and parallel te RS draw H K, 
cutting the Circle in K. Laſtly, draw EKM, 


which ſhall be the Refracted Ray; for PK 
is equal to G H; and therefore the Sine of 


Incidence NG is to the Sine of Refraction 
F K, as z to 2, which is the Proportion for 


Air and Glaſs. 15 


e the like manner, if the Incident Ray 
ME be given, the Refracted Ray E EF gut 
of Glaſs into Air may be thus found. On the 


Center E, deſcribe a Circle cutting ME in 


* 29 


int 


into two equal Parts, make P Z equal to 
three ſuch Parts; from the Point Z, draw 
Z N, (parallel to RS) cutting the Circle in 
N. And laſtly, draw ENF the Refracted 


Ray. 1 " 
The Refraction FEM, out of a rare Me- 
dium into à denſe, is called Refraction 
towards the Perpendicular. The Refraction 
MEF, out of a denſe Medium into a rare, 
is called Refraction from the Perpendicular. 
But whether the Refraction be towards 
the Perpendieular, or from the Perpendicu- 
lar, the Bending or Tendency of the Ray is 
always towards the denſer Medium. 
Therefore the Refraction of a Ray in paſ- 
ſing from one Medium to another, is pro» 
duced by the Attraction of the denfer Me- 
dium; and this is farther confirmed from 
Experience ; for we always find that the Re- 
fraction is greateſt, where the Difference of 
the Denſities of the Mediums is greateſt ; 
except only, that all inflammable Mediums, 
as Oil, Spirits, Oc. refract more in Propor- 
tion to their Denſity, than other Mediums, 
which is ſtill a farther Confirmation: For as 
Light, congregated by a Burning Glaſs, acts 
moſt upon ſulphurous and inflammable Me- 
diums to turn them into Fire and Flame; ſa, 
lince all Action is mutual, ſulphurous and 
inflammable Mediums ought to act moſt 
upon Light in bending and refraging its 
enn meg 
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NGT 1 to AB. Divide AG into 4 
* . Net, waer 8 H Il. to to 1 
q 
by 774 Fe | 

TO | | 1 8 b 

— . | 

E [5 | 

: 1 | 

2 a | ' 

S | 

Wd 

| 2 | | 
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of thoſe Parts, and parallel to R S draw N K. | 
cutting the Circle in K. Laſtly, draw EK M: | 


which: ſhall be the RefraRed Ray; for P K 


is equal to G H; and therefore the Sine of | 
Incidence NG is to the Sine of Refraction | 


P K, as 3 to 2, which is the Proportion 1 


Air and Glass. 
In the like manner, if the incident Ray 


ME be given, the Refradted Ray E F out 
of Glaſs into Air may be thus found. On the 
Center E, deſcribe a Circle cutting ME in 
W's my nn. to A B, divide PK 


- Into 
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into two equal Parts, make PZ equal to 
three ſuch Parts; from the Point Z, draw 
Z N, (parallel to RS) cutting the Circle in 
N. And laſtly, draw ENF the Refracted 
Ray. N S155. 1 bs; 
The Refration FEM, out of a rare Me- 
dium into à denſe, is called Refraction 
toward the Perpendicular. The Refraction 
M EE, out of a denſe Medium into à rare, 
is called Refraction from” the Perpendicular. 

But whether the Refraction be towards 
the Perpendienlar, or from the Perpendicu- 
lar, the Bending or Tendency of the Ray is 
always towards the denſer Medium. 
Therefore the Refraction of a Ray in paſ- 
ſing from one Medium to another, is pro- 
duced by the Attraction of the denfer Me- 
dium; and this is farther confirmed from 
Experience; for we always find that the Re- 
fraction is greateſt, where the Difference of 
the Denſities of the Mediums is greareſt ; 
except only, that all inflammable Mediums, 
as Oil, Spirits, Oc. refra& more in Propor- 
tion to their Denſity, than other Mediums, 
which is ſtill a farther Confirmation: For as 
Light, congregated by a Burning Glals, acts 
moſt upon ſulphurous and inflammable' Mey 
diums to turn them into Fire and Flame; ſa, 
lince all Action is mutual, ſulphurous and 
inflammable Mediums ought to act moſt 
upon Light in bending and reftacting its 


- 


e 


Rays. Wherefore the denſer ot the two Me. 
diums may be called the Refracking Me- 


If the Ray FE, entring into the Body g 


the Glaſs, were accelerated at the Point E, 


by à Force acting in the Direction RE S, and 


making the new Velocity one Third Part 
eater than the firſt- Velocity; then the 
ay FE would be refracted from E to K. 
For in two Thirds of the Time that the Ray 
— moving from N to E, it would move 

om E to the Circumference of the Circle; 
and ſince the 


parallel Velocity from N to- 


wards T is not alter'd by the perpendicular 


Acceleration from E towards S; therefore 


in two Thirds of the Time that the Ray 


ſpent in moving from N to E, & will move 
om E to ſome Point of the Line H K; conle- 


quently, at the end of the two Thirds of that 


Space of Time, it will arrive at the Point K. 
So alſo when the Ray ME paſſes out of Glaſs 
into Air, if the fame Force acts upon it at 
the Point E, and in the ſame Direction as 


before, the Ray will be retarded, and move 
from E to N, in half as much more Time 


as it ſpent in moving from K to E. In like 
manner, any other Degree of Retragion may 
be exhibited, if the Quantity of Attrackion 


at the Point E be duly adjuſted, ſo as to 
accelerate the Ray at its Ingreſs, and retard 


it at its Egreſs, according to the w. 


mr © 
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of the Sine of lucidence to che Sine of Re- 
fraction. 4 ys a 915 175271 * 3. | 7 
A Ray of Light, as ſoon as ir arrives within 
the Sphere of Attra@tion'of the Tmall Parts 
of the Retracting Medium,” will be acccle- 
rated in 4 Line off Dire@ion” perpendicular 
to the common Surface. 
fh; * 
repreſent 4 Sur- ; Nes 1 33 
face of: GA ee 
MN A Plane . 
(very near and A E D F 5 
parallel to the Surfage AB) ich which the 
Attract ions terminate, C a Corpuſcle lying 
within the Reach of the Attractibn of the 
Point E, as well as of the Point Dy which at- 
tracts it in the perpendiculat Direction; make 
DE equal to H , and join CF. It is cvi- 
dent that the Corpuſcle C is attracted by 
the Point E as much as by the Point E; 
and it is alſo evident, that if the Force CE 
be reſolv'd into the Forces CD and DE ; 
and if the Force CF be reſoly d into the 
Forces CD and DE; the two equal and 
contrary Forces D E, D F, will deſtroy each 
other; and the two Forces that remain, ſhall 
act jointly with the Attraction of the Point 
D in a Direction perpendicular to the Sur- 
face of the Glaſs. Therefore the Corpuſcle 
C ſhall be accelerated only in the perpendi- 


* 


cular Direction. tO IJORLS 15MIN 


to be accelerated in ſame Direction a; 
before, till its Diſtance from. the Surface 
; within the Medium is equal to that Diſtance 
from the ſame Surface without the Medium, 


where the Attraction began. 
M eee eee s [ N N 

tat —  — — "Y 
MR a 


. P Qthe internal Plane of Attraction 5 


Ges. 2 
A Ray of Li ght, when it enters the Sur⸗ 
"Face of 1 Refrain Medium, continues 
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For 1. R (urteilt a Corpuſcle within 
the ſolid Glaſs, and PQ, a Plane parallel 
to AB, and whoſe Diſtance from AB is 


equal to the Diſtance of MN from AB, 
Draw RS perpendicular to A B, and equal 
to the Diſtance of MN from AB. It is evident 


that the Corpuſcle R is accelerated in the Di- 


rection RS by the Attractions of all the Par- 
ticles lying between Rand 8, and that the 


ſame Corpuſcle R is retarded in the Dixection 
SR by the Attractions of all the Particles 


1 between the Point R and the Surface 
. B. 


MN may by call'd the entern tha 
When 


Ne 
When a Ray of Light arrives at the in- 
ternal Plane of Attraction, it is accelerated 
no longer, becauſe the Attractions in contra» 
ry Directions deſtroy each others Effect. 
In like manner, the Motion of a Ray of 
Light, going out of the attracted Body, is 
retarded during the Time of its Paſla e 
from the Internal Plane of Attraction to 4 
External. D N E A 
Wherefore, tho a Ray of Light is re. 
ftacted by a gradual Incurvation, as it is 
continually accelerated or retarded pt. 
ing from one Plane of Attra&ion' | 
other; yet, in Appearance, the Effect is the 
ſame, as if it were accelerated and refracted 
all at once in a ſingle Point; the Diſtance 
of the Planes of Attraction being ſo exceed- 
ing ſmall, that the Space in which the Re- 
fraction is performed, may very well de 
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conſidered as a Point. 
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0 dhe Rees Rars by | 


Very Point from whence the Rays of 
Light flow, as from a Center, is called a 
Radiant Point, and the Rays are ſaid to di- 
verge from that Point, © WS 
Of ſeveral Rays diverging from the ſame 
Point, thoſe are ſaid ro be moſt diverging, = | 
N . Dan y WS 15 4; or | 
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<P Ne ſalteſt, which pig the gen. 


b, ee Rays proceed, 8 if they fow. 
rom a cęrtain Shak which. they: dg nt 
in RGHEY BY FOR, -tþ that Sk is: called 
202d, adiant Point; and in this Car 
all the Fig are laid to. drverge from it... 
Kays which, tend towards any Poigt, arc 
called Converging Rays; and that Paint. in 
which Ay Rays congur, is, called rhe Fog 
of thoſe 1e hut that ide to ards which 
they tend, and in which the go not fr 
WE; is N. their Fertual Focus, + +. 
hoſe Rays 1 laid, to verge 1 gr 
fell, w it continued, wopld 
the ch. 2 at che real or We 
Focus. | 
. Rays: of Lighs x which veer xend 
17 00 5 7 75 Mage c e, For, 
but always keep the ſame; RNA are cal- 
led Parallel Rays. Parallel Rays may be 
conlidered as proceeding from a Point at an 
infinite Diltartze, and tendihg? towards ano- 
ther Point at an infinite Diſtance alſo. 
Thoſe Rays which proceed from any Point 


at 7 5 e may be ee 


as Parallel Rays. Such are the Rays © 
5 e rom any Point of the Hoc of 
the Sun ; for the greater 40 Diſtance of thc 


— 00 9 8 Rays flow, or towards 


which | end, the nearer do thoſe Ra ; 
| AT De Sign: OG. F 


Up. AS. » DV LOTS 21 Tay 


and towards C 
take RV equal 


tual Radiant 


which the Ras 


then hall RB the Incident Ra and D 
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Ne 1 r 
s Plane Sur face.” 2qcys 


LEX. A B wovelion any plane Surface of 


Water, R any radiant Point within the 


Water, RCP/a Perpendicular to A B. Di- 


vide R C into W ane 
4 equal P , ; & 15 Dobplg 


to one of thoſe 
Parts; fo thall* © 
V be the Ver: A” 


Point front 


will diverge =. 
after theit Re- 8 

fraction imo the Air provided the EM of 
Incidenee be not taken at tg great à U- 
ſtance from the point C. Thus let D be a 
Point of Incidence, draw R D, and V.DE, 


the Refracted Ray : For it is calily prov 
that the Sine of Incidence is to the Sine of 
Refraftipn, as VD to RD ; and that it c 


Point D be taken ſufficiently nest ic 
VD is to R B. as VC to RC; that is, 2s 


3 to 4 which is the Proportion fot Water 


And r 


Where- 
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Wherefore to an Eye placed any where 
near the - Perpendicular - PC, the Point 
R ſhall appear to be in the vertual radiant 
Point V, becauſe the Rays fall upon the Eye 
in the ſame manner as it they had proceed- 
If che Point D be taken at a conſiderable 
Diſtance from the Point C, or the Eye be 
laced at a conſiderable Diſtance from the 
erpendicular P C, then the Point V ſhall 
approach nearer to the Surface A B, and al- 
ſo be drawn out of the Perpendicular on 
that {ide where the Eye is ſituated, . , .- 
If AB had been a Surface of Glaſs, and R 
Radiant Point within the Body of the Glaſs, 
then CR mult have been diyided into three 
equal Parts, and RV made equal to one. of 
than. asf, . 
Let AB a 
Surface of Wa- 1 
ter, R a radiant 
il Point in the Air, 
-T PCRYV a Per- 
4 'pendicular to RB. A 
[i Bwide r 
1 three equal Parts, 
and from C take 
= RV equal to one CON 9 
| of thole Parts; ſo ſhall V be the vertual radi- 
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Ul ant Point from whence the Rays will diverge 
1 after theit Refraction into the Water, pio- 


vided 


— 


: : 
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C3 

' vided the Point of Incidence be taken near 
enough to the Point C; otherwiſe the Point 
Vvwill remove farther from the Surface A B, 
and will alſo fall out of the Perpendicular 
on the contrary Side to that where the Eye 
is placed. 5 . 

If AB had been a Surface of Glaſs, RC 
muſt have been divided into two equal Parts, 
and RV made equal to one of thoſe Parts. 
For in all Caſes,” VC muſt be to R C, as the 
Sine of Incidence is to the Sine of Re- 
fraction x 
All parallel Rays are refracted by a Plane 
Burkace into parallel Rays: For the incident 
Rays being parallel, their Angles of Inci- 
dence ſhall be equal, and therefore the An- 
ples of Refraction ſhall be all equal, and 
i the refracted Rays ſhall be pa- 
rallel. 

Diverging or Converging Rays, that paſs 
out of a denſe Medium, diverge or con- 
verge more. after Refraction, than they did 
before, becauſe the Vertual Point or Focus 
comes nearer to the Surface of Refraction. 

Diverging or Converging Rays, that. paſs 


into a denſe Medium, converge or diverge 


leſs after Refraction, than they did before, 

becauſe the Focus or Vertual Point removes 
farther from the Refracting Surface. 

A Ray of Light paſhng thro' a denſe Me- 

dium, terminated by tWo parallel Fare 
. N | me 
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mall go on after the two Refractions in the 
fame Direion, tho“ not preciſely in che Tame 
„„ „%% es 
Let ABCD be a folid Piece of Gas, 
with two parallel Surfaces A B, CD, and let 
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the incident Ray EF be refracted into FG, 
then ſhall F & be tefracted by the ſecond Sur- 
face into G H parallel to EF, or in the lame 
Direction with it; as is evident, becaule the 
Angle of Refraction at the Point F is equal 


to the Angle of Incidence at the Point G; 
and therefore the Angle of lacidence at the 
Point F muſt be equal to the Angle of Re- 
fraction at the Point G. 5 N e 
Wherefore, Objects ſeen thro* a Refracting 
Medium, terminated with parallel Surfaces, 
will appear in the ſame Shape and Magni- 
tude as when ſeen directly, and will allo 
retain the ſame Situation with regard to each 
other; tho? with regard to other Objects 
which are ſeen direQly, their Places -_ be 

ome- 


fol 


ſomewhat alter d; which Alteration hows 
ever will be very inconſiderable, unleſs the 
Refracting Medium be pretty thick. * 
Wherefore, Rays of Light paſſing thro? 
a Medium, terminated by paxallel Surfaces, 
may generally be conſidered as going on in 


one right Line, without any Refraction at 
all, {UM 
3 bs of 
— LM e T1 
Of the RETRNACTTeN of Ravs by 
9 & berigal Surface. 

LET, EF be a My of Light falling upon 

the Point F of the Spherical Surface 
AFB, whole Center is C; and let AFB be 


1 
106 {0 
N OM Ll 
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1 2 


the Surface of a Medium denſer than Air in 
Fig. 1. and rarer than Air in, Fig, 2. Join 
CF, and continue it towards Pp. "Laſtly, 
thro' the Point E, at right Angles to CP, 
draw HEK, repreſenting a Plane, which 
touches the Spherical Surface in the Point F. 

._ ; ___ — Rs 
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Since therefore the Space in which Re- 
fraction is perform'd, is to be conſidered as a 
Point, and ſince F is 4 Point in the Plane 
HK, as well as in the Spherical Surface 


, = 
ſ 295} 


AFB: Therefore the incident Ray E F ſhall 
be refracted by the Spherical Surface AFB, 

as it would be refracted by the Plane Sur- 
face HK; and in what manner it will be re- 
fracted by that Plane, has been already 
ſhewn. _ 

Hence it is Gaiden that in a Spherical 
Surface, the Perpendicular from whence the 
Refraction is meaſured, is a Line drawn from 
the Center of the Sphere thro the Point of 
Incidence: For that Line is always perpen- 
dicular to a Plane 05 the SF in 
the Point of Meisen , 
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of a atk" 


A N Y Refiiftin Medium, terminated on 
one {ide by à Plane Surface, and on the 
other fide by a {mall Part of a Spherical Sur- 
face, or terminated on each fide by a ſmall 
Part, af à Spherical Surface, is called a Lens. 

A Lens is either Plano. Convex, Double- 
Convex, Plano-Concave, Double: Concave, 
or a Meniſcus, which is convex on one ſide, 
and concave" on the other. 

A Line drawn thro' the Centers of both 
the Spherical Surfaces of any Lens, is called 
the Axis of that Lens. 

In the Refraction of a Lens, we' conſider 
only the Refraction of ſuch Rays as fall 
near tie Axis; all other Rays, being unfit 
for Optical Uſes, are excluded either by ta- 
king into the Lens only a very ſmall Part 
of the Spherical Surface, or by covering the 
Edges even of that ſmall Part. 

From theſe Principles, the Properties of 
every kind of Lens are Geometrically de- 
monſtrated by the Writers upon Optics. 
All the Rays proceeding from any radiant 
Point, whether at a finite or an infaire Di- 
tance, which fall upon any given Lens, are 
either made to diverge from ſome new Ver- 
taal radiant Point; or elſe collected into a 

N 3 Real 


* 
. 


Real or Vertual Fand, at a finite or an infi- | 
nite Diſtance. .. _ 
When the weldent Rays Nang parallel 
Pp the Axis of, 2 Lens, are collected by Re- 
action into 155 Point, that N is * 
the Principal Focur. 


of the Gar 6 of N41 
| by a Convex Glaſs, 


6 þ HE Principal Focus may be found ex · 
perimentally, by holding che Gliſs di- 
Fan againſt the Rays of the San, and ob- 

erving the Center of that lucid Spot into 


which they are Seen o as to heat or 
burn moſt intenſly. 


The Diſtance of the prbsgipel Focut fom 
the Glaſs, may alſo be calculated from the 


following Proportion: As the Sum of the 
Radii of the two Convex Surfaces is to ei- 


ther Radius doubled, ſo is che other Radius 
to the Diſtance of the principal Focus from 
the Glaſs, provided the Thickneſs of he 
Glaſs be rejected as inconſiderabe. 

Let BP CQ be a Double-Convex Glaſs, 

MP the Radius of BDC, and NQ the Ra- 
dius of B C; and if the Thickacſs PQ 
be inconſiderable, then as the Sum of M 
and A is to twice Mp, ſo is ai 


1 183 7 


pF r QE, the Diſtance of the Glaſs from 
the Pojng F, into which all Rays, as R 8, 


1 


— 0 m. 
5 * * : 2 


n. 


1 * — 


flling parallel to the 74 MN, all be 
lng a 

On the ane, if " Aadidnt Doing be 
placed in the Point Fall Rays flowing from 
it, as BE, ſhall be refrted 1 2 7 the 


— * 


| 1 | 


If the two Radii are equal, th bs hen the prin- 
cipal Fogur ſnall be the Center, and the Fo- 
cal Diſtance the Radius of the Conyexity, | 

The Focal Diſtance in a Plang-Convex 
Glaſs, is equal to twice the Radius of the 
2 and in a Sphere to * the Ra- 

1. 2 

Let B C be any Convex Fes; of Glaſs, 
and F its princip al Focus; if a Radiant 
Point be placed in any Part of che Axis, as 
at R, more remote from the Glaſs than * 
all Rays flowing from R, and falling upon 
the #4 hall pe collected into a Certain 
Focus, as f, on rhe <p we.” -; 
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The Diſtance QF is always greater than 
PF; andif thePointR approaches towards 
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lected in 7, is called a Pencil of Rays, and 


the Line R f, is called the Axis of the Pencil, 
Let BP C bea Plano-Convex Glaſs, NM 
its Axis, being perpendicular to the Plane 
B QC; and let SPT repreſent .a Plane 
touching the Convexity in the Point P, and 
conſequently parallel to the Plane P AC. 
N. 29 Where 


r a 4 


n 
Wherefore all Rays, as DP E, paſſing through 
the Point P, are to be conlidered as going 


- 


#$2#S% „„ 424 
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on in one right Line without any Refraction 
at all; for all ſuch Rays are refracted at the 
Point P, in the ſame manner as they would 
be refracted by the parallel Surface TS. 


Let BC be a ac 
Double Convex, 8 
Mp, NQ, the 
Radii, PQ the 
Thickneſs, Let 
P Q be divided, 
into two Parts, 
PpandpQin 
Proportion ta 1 
each other as bit; 
Mp to NQ; | WP 
through the 75 | 
Point plet aux „uf 
Line be drawn, as mp, terminated by the 
Convexities in n and u, through which 
Points let K L, S T, be drawn touching the 

, Arches 
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Arches BAC, BN Q. Now, it is eaſy to 
demonſtrate from the Principles of Geome. 
„ that the Lines KL, 87 ſhall be paral. 
lel, as alſo the Planes (repreſented by thoſe 
Lines) which touch the Convexities in 1 
and n. Therefore all Rays which paſs thro' 
the Point p, may be conſidered as if they 
"oY aeg through the Cent without 
any Refra&ion. | 
Thar Point through which the Rays are 


tranſmitted without any conſiderable Re- 
fraction, may be called the Center of tbe 
| Lens. 


Let B; C be any Convex Glaſs, F F its prin- 
* Focus, p its Center, and K a" radiant 
Point tying without the Axis, but not too 
remote from it. All the Rays which fall 
upon the Lem from the Point R, ſhall be 
collected intq a certain Focus, as J. on the 
other ſide the Glaſs. . 
The FocahDiſtance pf may be found by 
fame Proportion as 2 As RE to 
E p, ſo is Rp to pf. 
So alſo the whole Syſtem of Rays flo 
from R, and collected in f, is called a FHH 
of Rays, and . is its Axis. 
Wherefore, a Lucid Object be placed 
beſore 4 Convex-Glaſs Lens, at à greavet 
Diſtance than the Diſtance of the Principal 
Focus, each Radiant Point of that Object 
1 produes 2 leyeral Pencil, w__ its 


og = - - pg the Object hanging in the Air, in an inverted” SE 2D £28 
= & Poſition. K 2 
© -- The 9p crum is inverted, becauſe the Axes of thoſe Pen- SS 5 


h proceed from the Top ind Bottom of the Ob- 
& ject; croſs. Sach other in the Center of the Glaſsss. 
The Diſtance of the Spectrum from the Center of the Glaſs | 


may be increaſed at pleaſure, only by bringing the Object 
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Wherefore alſo 


cipal Focus. 
the | 
ay be' increaſed: to an 
its 
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whereby thexe will be form 
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the Object from the Center of the Glaſs is 
to the Diſtance of the Spectrum from the 
ſame Center, ſo is the Height of the Object 
to the Height of the Spefirum. © 

The Brightneſs of the Spectrum decrea- 
ſes as its Magnitude increaſes, _ becauſe the 
ſame Quantity of Light is expanded into a 
larger Space. PEN TS v; 

The Aereal Spectrum may be render'd 
viſible, either by receiying it upon a Sheet 
of Paper at the Focal Diſtance, or by pla- 
cing the Eye behind the Spectrum. 

If the Eye be placed between the Spe- 
rum and the Glaſs, the Spectrum will ap- 
pear double and not invefted: It appears 
double, becauſe it is impoſſible to direct the 
Sight towards an Object that is behind us; 
and it appears in its true Poſition, becauſe 
the Rays proceed immediately from the Ob- 
ject itſelf, and not from an inverted Spe- 
ctrum. 5 | wt h | 
The apparent Magnitude of the Spectrum, 
whether it be ſeen ere& or inverted, depends 
upon the Diſtance of the Spectrum and the 
Center ot e. 
Let AB be a Convex-Glaſs Lens, p its 
Center, F its principal Focus, R a radiant 

Point placed between the Glaſs and the 
Nene Focus. All the Rays flowing 
from the Point R ſhall be refracted by the 
Lens into Rays diverging from a cegtain 
W a dag Vertual 
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vertual radiant Point, as f, on the ſame ſide 
of the Glaſs, with the Point R, but farther. 
diſtant, ' , 
As R approaches towards p, the Diſtance, 
f R decreaſes; but as R approaches to- 
wards E, the Diſtance f R increaſes. | 

The Diſtance pf may be found by the 
following Proportion; as RF to Ep, fo is 
Rp to pf. 
Wherefore, to an Eye placed on the other 
fide of the Lens, the Point R ſhall appear 


in f. 


Here we may ſee the Reaſon why a Con- 
vex Lens magnifies any Object that is placed 
between the Lens and the Principal Focus. 


"2 


N TR 
For let RN be the Object, according to 
the foregoing Rules, the Point K ſhall appear: 
| | in 


{#961 


o the e WY Kays 
paſſing tino ee, ee 


A Comex helps to unite, and a Gn 
to ſcatter the Rays: Therefore Parallel 


or Diverging Rays which fall upon a Con- 


cave, can never be collected into a Focus. 

Parallel or Diverging Rays being refracted 
by. Concave, are made to diverge from 
a certain Vertual Radiant Point on 1. {ame 
fide of the Glaſs with the pruc Radiant Point, 
but at a leſs Diſtance ſrom the Glaſs. - * * 

This Vertwal radiant Point is confidered 
as the Focus. of thoſe Gladles, and is alſo 
commonly fo call'd. 

The Rules for finding thei Foci of Con- 
caves, are the ſame with thoſe that have 
been already given for Convex, only the Ra- 
diant Points of the Convex muſt be con- 
ſider'd as the Focus of the Concave, and, 
vice verſes; and the Radiant Points and 
Focus muſt always be taken on the ſame 
{ide of the Glaſs. 


Hence it is evident why a Concave di- 


miniſhes the Appearance of an Object; for 
in the laſt Figure, if we ſubſtitute a Cone 
| cave 


4 


in 4, che Point in in M, and the Point. in 
N; therefore the Object n N u, ſhall appear 
to be N , N. We to > Blce 464 Ws 
nitude. 
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cave in the toom of AB, and | conceive 
Mf N to be an Object, che Point M ſhall 
appear in m, N in n, and f in R. 


Of the Was ries” 


Fr the Rule for the Principal Nen 

as the Difference of the Rad is to 
either 1 * them doubled, ſo is the other 
Radius to the Focal Diſtance. © - 

If the Radii are equal, the Surfaces will 
be parallel, and ſo there will no Focus and 
indeed no conſiderable Refraction at all. 

If the Radius of the Convexity be leſs 
than the Radiur of the Concavity, as in 
AB, then the * 


hall have all the Pro Api 1 rs 
ties of a Convex fe. 
of the fame Focal Di. ; 0 
ſtance. | > a0 

If the-Radins of the | D 


Concavity be leſs than B 
the Radius of the Convexity, as in CD, 


then the Meniſcus thall have all the Proper- 


ties of a Concave Lens, Wu Focal Di- 
ſtance | is the lame. 


Of the Ev E. 


R an accurate Deſcription of the Eye 
and all its Parts, I referr to the Treatiſes 
of Anatomy ; it will be ſufficient for our pur- 


poſc 


(1921 
14% to take notice of ſuch Parts only, whoſe 1 
Uſe depends more immediately upon Opti- f 
cal Principles. Such are the three Humours, 
| Aqueous, Cryſtalline, and Vitreous, the 2 

nica Retina, the Ligamentum Ciliare, and 
„„ TG e 
- - The Cryſialline Humour is a double Con- 
,vex, form'd from unequal Radii, the Con- 
vexity from the ſhorter Radius being placed 
awards sf 5 . 
The Aqueous Humour is a Meniſcus, whole 
concave Surface embraces the exterior Con- 

vexity of the Chryſtalline, and whoſe Con- 
vex Surface, being cover'd with the Tum 
Cornea, is the Outſide or viſible Part of the 
"The Vitreons Humour is likewiſe; a M. 
niſcus, embracing in its Concave Surface the 
interior Convexity of the Cryſtalline, and 
having its Convex Surface encompals'd by 

the Retina, | :& 3.414 

The Retina is a fine Expanſion of the W 
Medullary Fibres of the Optic Nerve, W , 
ſpread upon the Convex Surface of the Vir 
treous Humour, and covering the Bottom 
ot the Cavity of the Eye, „ 

The Humours ſerve to collect the Rays 
of the ſeveral Pencils into their proper Fol; 

and the Retina to receive the Image or e- 
ctrun which thoſe Pencils form, ànd 0 
TT Ivy. Py CON- 
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convey the Senſation thro the Oprick Nerves 
to the common Senſorium. | 
The Ligamentum Ciliare. is F Ring of 
Fibres, incloſing the Edges of the Gry- 
ſtalline, (like a circular Frame) and tending 
in right Lines towards its Center. When 
| theſe Fibres contract, the Diſtance between 
the Retina and Cryſtalline i is lengthen d. 
The Uſe of this Ligament is to adjuſt the 
Diſtance of the Retina from the Cryſtalline, 


according to the vatious Diſtances. of the 
Object from the Eye. 
tinge ed 


The back Part of the Ligament i is 
with a deep Black, that ſo the Rays, which 
are reflected thither from the Retina, may 
be abſorb'd and ſtiſled, and nor reflected bac 
again to the Retina, whereby the Images 
would be render d indiſtin& and confuſed. 

The Iris is that colour d Circle n en 
compaſles the Pupilla. 

The Uſe of the Hris is to dilate and con- 
tract the Pupilla, according as we have occa- 
hon to ſee more clearly or more. diſtinGly, 
The wider the Pupilla is, the more Rays 
enter the Eye, and the Image is ſo much the 
more clear and vivid: The ſmaller the Pupilla 
is, the nearer are the Rays conſined to the 
Aris of the Humours, and thereby the Images 
are render d ſo much the more accurate, | 
diſtin& and perfect. 3 

0 bot 
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But Viſion cannot be truly diſtinct in an 
Caſe, unleſꝭ the Fori of the Pencils Fall pre- 
cilelſ u upon the Renin. 
Some Eyes cannot ſee diftin&lly, becauſe 
the Re fraction of the Humours is too firong 
ſo that tlie Ray s are collected, and Jn. 
each cher rbesdre theit Incidence upon the 
Retina. This Defect therefore may be reme- 
died by a Concave Glaſs, which di[perles the 
Rays, ad removes rhe Foci to a Scr 
Diſtanec. $92. en e 
Some Eyes #gaiiy" cannot ſee Aiſtin@ly 
| becauſe the Refraction of the Humours' i 
too Wenk; ſo that the Rays fall Upon the 
Retina Before they are collected; this In. 
convenience werclere may be help d by 
a Convex Glaſs "2 wht | promotes 
Union. of" the Rays, and brings the Foc 


12 
800d Eye collecks the e the 
Ras 1 moſt Eaſe and Exact when 
the ObjeR ect is at ſome confiderable, Diſtance 
fo chat 5 dwerging 
upon the Pupilla. 
A, fingle Microſtope or Mag gnifyity Glaß 
is nothing but a Convex La of 75 
Hal Focal Diſtance; the Object is place 
near the principal Focus, in order to render 
Viſion diſtinct, y refracting all the qivergin 
"0 mto Rays parallet to the 115 of ad 
| neu; 


Rays fa fall TIED. paralle 


— — Err 


9 
Pencibg and the Object is magnified by be⸗ 
ing leen at ſo ſmall a Diſtance. 

"rhe Object would appear of the fame 
ſize without the Glaſs, if the Eye cduld ſee 
diſtiactly ar the Focal Diſtance of the MI. 
croſcope. Wherefore the Microſcope: does 
not ,magaify tlie Appearance of che Object 
bur only helps the Eye to ſee diſtinctly at 

fo ate rern 1 BR 392 
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TY all Combinations; thar Glaſs Which i 
rurn'd next the Object, is eellecter dhe 
Glaſs ; all the reſt are called Eye Glaſſesn 
la all Optical Combinations, tlie Axis of 
all the Glaſſes are N to lie Ul one 
right Eine. 5 
The combining ſeveral Claes inte one 
Optical Iuſtrument, is founded upon che five 
following Propoſitions; all Which have alk 
wly been explained and illuſtrated.” .' | 
Parallel Rays incident on a Convex 
Glaſs are collected by Refraction into the 
Focus of their reſpective Axis; and Intident 
Rays diverging from the Focus, ate refracked 
parallebto the Axis of the Pencil; . 
2. Parallel Rays incident on à Concave 
Glaſs, '\ are made by Refraction to diverge 
from the Foci of their ſeveral Pencils; and 


© 1 Incident 
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a: 
Incident Rays converging tothe Fort; 
are refracted parallel to the” Axes of "the 


-Pencils; nne en 
of all the Axes of the 


-.. 3» The Croſſin 


Pencils, is in the Center of the Object 


4. If an Object be placed at a proper Di. 
12 0 ond the exterior Perun Bf the Ob. 
jet Glaſs, à Spectrum may be formed on 
the other ſide, at any given Diſtance from 
the Center of the Object Glaſs, and conſe- 
quently of any given Magnitude. 

J. Viſion is render d diſtinct, when Di. 
verging Rays are thrown parallel upon the 
Pupilla. e 
Optical Inſtruments, conſiſting of a Com- 
bination of Glaſſes, are either Teleſcopes 
or Double Microſcopes. A Teleſcope is an 


Optical Inſtrument for diſcovering Objects 
at a great Diſtance, by exhibiting the Ob- 


jet magniſied under diſtinct Viſion. 

In Teleſcopes, becauſe the Object is ſup- 
| to be at a great Diſtance, all incident 
Diverging Rays are conſidered as parallel. 
Let AB be a Convex Object-Glaſs, CD 
a Concave Eye-Glaſs, Z their common Focus: 
This Combination is commonly called 


_ Galileo's Teleſcope. 


All DivergingRays that fall upon A Byare 
to be conlider'd as Parallel; 3 
FS © { WF 75 op. 


* 


Eye Glaſs; and (by Prop. 2.) after the ſecond 2 F 2 >&2fE 
8 = Rifagion they oo fall parallel upon the Pu- 8 2 — 82 K 
EE SD: Therefore (by the fifth Prop. . V Viſion will 383 P. 8832 
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be thrown parallel upon the Eye, and Viſion rendes 3 
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In this Caſe, the immediate Object of Villen is. che-invered 4 > "RE 8 
— | 
; S Spectrum at. and ind therefore the Objett | is ſeen in an in-= "IT 
3 . ver ted Politioh, 2 2 
- 3 - The er or Height of the Object ſeen through che 5 8 
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the Teleſcope 4 
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the Shz?&run 
become the Axis 


from 
ad 


5. 


Pupils, the Axis of | 
ſeveral, Pencils terminating - upon the Re 


ceedinę 
tina. 


Axis 


is made with tliree 5 
the Point 


eleſcope for the Day, is n 
Eye Glaſſes E, D, and e 
Focus of E and DB, the Diſtance D Ci = 
D, and Z is the 1 | 
he Object Glaſs AB, and the third Eye*Glals C 
+ the ather Forut of K. 
will be formed by the Object Glals S. 
s of each Point will be throon . 
he Reſraction of the 


The common T 
equal and- equt- 
d 4s:the common 4 | 
made equal to the Diſtance E 
= Focus of t oy 
the Eye is placed at J, 
e inveried Siechrups 
at L, from whence. the Ray 
parallel upon the Lens B, by 
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form d equal in Magnitude to the Sperm 
at Z, but in a'contrary Poſition; that is, in 
the ſame Poſition with the Object. From the 
Spectrum at x, the diverging Rays will be 
thrown parallel upon the Eye by the Lens.” 
Thro this Teleſcope the Object appears 
ere,” becauſe the immediate Object of Vi- 
ſion is the erect Spectrum at x, to which the 
Lens E ſerves only as a ſingle Microſcope, 
to render Viſion diſtindmmce. 
The Object is magnified in Proportion as 
Zu to Ln. 355 [fl ON 
The Eye Glaſſes are made equal, and 
placed at equal Diſtances, the better to 
revent the Colours which would ariſe from 
fo. many RefraQions ; for the Rays paſs 
through the two Glaſſes C and D, as it were 
through one Medium with two parallel Sur- 
faces; the Angle of. Incidence at C _ 
equal to the Angle of Refraction at D, an 
tbe Angle of Refraction at C equal to the 
Angle of Incidence at 0). 
Te Conſtruction of the Double Micro- 
ſcope is as follows: A repreſents a mall 
Convex Lens, whoſe principal Focus is c, 
q 8 the Place of the Object; bers 
tore tak c, qm, p, proportional, 
Mall * N Fi Place of "the Heel 
formed by the Len A. Let B be another 
larger Lens, ſo placed that its principal Fp- 
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de way fall upon : Then taking wp, m 
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preſent t ce of the Eye, 
Fooking through a ſmall Hole 430 
or Aperture. Hence it is e- 
dann 8 a 4 FR 5s 
1. That Viſion will be di- : | 
ſtinct, becauſe Rays diverging — B 
from any. Point 4, the 2 me) 
trum will be thrown parallel 
upon the Eye by the Zens B. 
2. Since O is the Focus ot 
Rays diverging from m, there- 
fore the Axes of all the Pen- 
cils which paſs through m, and 
fall upon the Lens B, ſhall en- 
ter the P pills. 


4 „% 
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4 MS 
in a contrary Poſition, becaule 278 
the immediate Object of vi-. 17 
ſion is the inverted Spectrum at p. 


4. The Diameter of the Spectrum is to 
the Diameter of the Object as mq to e; 
which Diameter is alſo farther magnihed, 
| becauſe it is ſeen as from the Diſtance up, 
inſtead of being ſeen from the Diſtance o 4. 

The Spectrum of any given Object, form'd 
by any given Glaſs or Combination of Glaſ- 
| ſes, becomes obſcure in ſuch Proportion as 

Its Magnitude increaſes. __ . 
Equal Spectrumt of the ſame Object, form'd 
by different Combinations, become obſcure 


n, m, O r the Point O ſhall re- 
Pla wy" 
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w fach Proportion, as the Nuniber of Riffs 


14 | ” . | „„ 3 7 
% conſtituting each Pencil 'derreafes, that is, in 
1 Propdition to the Smalneſs of the Obje 
04 | Glafs. . einn $4 10333 ES. 


' Wherefore, if the Diameter of the Oba 
i411 Glaſs-excecds the Diameter bf the Pupillg, 
wy #5 many times as the Diameter of the Spe 


— = 


rum exceeds the Diametet ok the Obſeck; 
a tbe Spettrum ſhall appear as clear and bright 
I 1 as thEUbjiea wrelet > LT 20S 2 IE 
ti The Diameter of the Object Glaſs cag- 
þl not be much increaſed, without iacreaſing it 
= - the fame time the Focal Diſtances of all the 
11 Glaſſes, and conſequently the Length of the 
Inſtrument ; otherwiſe the Rays would fall 


f | tos. obliquely upon the Eye Glafs, and the 
110 Speftram becdtne confufed and irregular. - 
"i Of the R ext. norton of Rays: 

1 1. THE Particles of every Medium 48 

1 7 * the Rays of Light as they 75 

into it; efefore the Rays of Light a@ at 

* ſame rite upon the Particles of the Me- 

2g. The Particles of the Medium act, by 

bending and retraﬀing the 1 ; the Rays 

_ 4A, by exciting Tremors, or Vibrations in 


"the Medium, rhereby agitating its ſolid Pars 
ticles, and cauſing it to grow Warm or hot, 
3. Thefe Vibrations are propagated: thro” 
dhe woke" Medium by the ler included 


ul 
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in its Pores, much after the Manner that Vi- 
brations or Pulſes ate propagated in the, Air 
for cauſing Sound; only the Ather being 
much more Elaſtic than the Air, the ,Vibra- 
tions of it will be propagated much-{wifter, 
and indeed ſwifter than the Motios of the 
Rays themſelves, as appears from the Effects. 
4. When theſe Vibrations of: Pulles oyer- 
take a Ray of Light, one Part of the Oſcilla- 
tion retards the Motion of the Ray, the other. 
conſpires with it and accelerates it. Thus, 
ſo long as a Ray continues to move in one 
and the ſame Medium, it is accelerated and 
retarded alternately at equal Diſtances. 
Let AG repreſent a Ray of Light paſſing 
thro'ꝰ any given. Medium from A to G; then 
may AB, CD, EF, &c. repreſent the ac- 
celerated Parts of the Ray; b C, DE, FG, 
&c. the retarded Parts; m, o, q, &c. tlic 
Points where the Velocity is greateſt; n, 
per, &c. the Points where the Velochky is 
leaſt of AA +=; 5 4 s | 
J. Note, thar:the Diſtances AB, BC, 
Cc. muſt be conceived exceeding {mallprhar 
is, about eth Part of an lach in Rays 
which paſs perpendicularly out of any Me- 
dium into Air, and about Huth, Part of 
an Inch in Rays that paſs perpendicularly 
out of any Medium into Glaſs, and abon 
eth Part of an Inch in Mays, that — 
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3 
Angle of Incidence, how ſmall ſoever; and 
inſuch Angles of Incidence upon the ſecond 
Surface as are ſufficiently oblique, there will 
be a total Reflection of all the Rays. 
to. The Rays of Light are not reflected 


by impinging on the ſolid Parts; on the 
contrary, all ſuch Rays as impinge upon 


ſolid Particles are ſtopp'd, and their Motion 
is deſtroyed; but the Rays of Light are re- 


flected from the Pores of Bodies, and there- 


fore Reflection is performed by ſome Power 


or Vertue that acts at a Diſtance.  * 
11. As Refraction is the gradual InfleQi- 
on of a Ray by the attractive Power, ſo Re- 


flect ĩon is the gradual Inflection of a Ray in 
ſome Caſes by the attractive Power, and in 


other Caſes by the repulſiye Power. 


12. Rays are refle&ed from the firſt Sur- 
face of a denſe tranſparent Subſtance, by the 


repulſive Power; for in that Caſe it is evi- 


7 


1 


dent, that the Rays recede from the reflect - 
ing Body f | 


13. Let ABCD repreſ:nt any tranſpa- 


rent Body denſer than the ambient Medium, 


the exterior Surface of Attraction, rs 
te Surface of Repulfion, *T x any incident 
Ray entring within the Surface of Repulſi- 
on at, If the Motion of the Ray be ſtrong 
enough, it ſhall break through the whole 
Repulſion, and enter the Surface of Attra- 


Ron mn, and ſo be refracted into the trank. 


parent 
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parent Bady; but if the Repulſion he t0 | 


-. 
:Rrong-tor the Motion of the Ray, them the 
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Men ee i La 1100 | 1 122: '$ 30 tet 
| Ray ſhall be gradually infleted from x; 19; 
and z, and from thence emerge. again inn 


wa: 


contrary Direction 2 V, and ſo be refſected 


from the tranſparent Body before its Inci- 
dence thereon. e. Mat. a 


: 4 


„ 6 . ent ebe 
414 It We conceive the Curve * 8 to be 
divided into two Parts xy, y 25 at the Ver- 


tex y, thoſe Parts ſhall be equal and ſimilar 


to cach other; for the Curve x 1 is produ- 


ce 


Curve ys by continual Accelerations; which 


Retardations and Accelerations, in correſpon· 
dent Points of the Curves, ate cqual and in 


dhe fame Pirection. 


* 


: EN $115 Rk $44 
245 Hence 119 tollows, that the Angle of 


Incidence Jer, is equal to the Angle 
-Rf.ction VS; and becauſe of the Sm 


7 ne 


ced by continual Retardations, and the 
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nels of the Diſtahce to which the Repullion | | 
extends, the whole Curve & may be con-" 
ſidered as a Wo Point, 


16. Let B ME.” "rp a7 


repreſent the From 2 
Retardation i in aby Ray; n * Point where 
the Velocity is leaſt, x the Point at which the 
Incident Ray AY the Surface of Repyl- 
ſion, and let u R be equal to n: If che 
Repelling Force be but juſt ſtring enough 
to reflect the Ray at the pink then all 
Rays whoſe incident Point fills between 
7 2 B, or R and C, ſhall Be tranſmis- 
ed by Refta&ion ; and all Rays whoſe 
ider point falls between . R, thall 
be turm d back and reflected, © 
The Diſtance R may be called the K. 
terval of *Refleftion; and the Diſtance be- 
tween any one- Interval of Refletion-and 
— A oy by call d the Steril of = 


17 Thoſe Bodies are kad: wh have FI 
ſtrongeſt Repulſion, which have the ſtrongeſt 
Attraction; and the ſtronger the R 
is, the greater is tho IntervaF of Ref ction. 
and the greater the Interval of Reflection is: 
the more Rays are reflected : Therefore thoſe: 
Bodies reflect the moſt Rays, ' which haue the? 
—— eee Dawers* Hence we „ 
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/ = 18. Let a be any Point in the Interval of 4 f 824 
| 8 Reflection, . the Ray is reflected, if. 5 32 : 23% = 
40, be, cd, de, &c. be taken ſeverally e- 5 A & 4. 2 3 3328 
qual to the Interval of Acceleration or Re- E v 8 2 585 2 

„ _tardation, the Points a, b, o, d, e Se. Mall 5 2332223 5 
become the Points in which the Velocity is 2 8 33232 Ty 
'& leaſt, and are called the Fits of Reflection. 2 12 2 3.8 3 8 JE! 
8 109. If the Point @ be any Point in which 2238 183228 
the Ray is refracted, then the Points a, h, c, d, e, S 8 8 882 8 2 22 4 
2B &. ſhall become the Points in which the UBS EX 2 235 > 
Velocity is greateſt, and are called the Fir E A 22 f =D 8 5-22 
= of Refraftion.  - ED | EEA 82 2 
20. The Diſtances ab, be, cd, Gt. are called) & 32 2 8 228. 
- & - the Intervals of the Fit. "2 8 a2 8E 33 
IS — 2.82 8.8 2 2 
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drawn in again after it has paſſed through. 
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the reflecting Surface. 


21. The total Refraction of all Rays, (as 
well thoſe which at their Incidence are in a 
Pit of Refraction, as thoſe that are in a Fit 
of Reflection) happens at the ſecond Sur- 
face of any tranſparent Body, when the in⸗ 
cident Ray is fo oblique to the Surface upon 
which it falls, that the Sine of its Angle 
of Incidence is to the Radius, in a greater 
Proportion than that of the Sine of Incidence [li 
to the Sine of Refra@ion: 1 | 
Thus if the Angle of Incidence of a Ray | | 
of Light paſſing out of Water into Air, be 
40 Degrees 11 Minutes, the Angle of Re- [if 
fraction ſhall be go Degrees; that is, the -M N 
1 


Ray ſhalt be refracted parallel to the teftact- 
ing Surface; but if the Angle of Incidence 


be 175 than 40 Deg; 11 Min: the Ray 0 
ſhall be drawn into the Water again and re- dl 
L F 0 
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In Glaſs, the total Reflection happens when 
the Angle of Incidence is greater than 38 
Deg. 35 Min. WT „rer 
22. In all Caſes, tile Angle of Reflection 
is always cqual to the Ahgle of Incidencc. 


Of Mis Russ. 

ANY V fmiogth well poliſhed Surface from 
whence the Rays of Light are reflected, 

is called a Mirrour. 8 
The Image of any viſible radiant Point is 
always to be found in, ſome Point of the 
Perpendicular let fall from the radiant Point. 
In a Plane Mirrour, the Diſtance between 
the Mirrour and any radiant Point, is equal 
to the Diſtance between the Mirroum and 
the Vertual Focus where the Image of that 
Poiht is found | "ROT ON of 


I AB be 4 Plane Mirrour, nd Ca Ra- 


diant Point; then letting fall C DE perpen- 
dicular to AKB F 
and taking DE, 4c 
e ‚ ‚ ‚ ˖ 
the Point E naaa! 
be the Vertual n 


Focus, or the 


Place of the bt. : IE 
mage of the Ra- Bs 


— 
= 


b 5 . 


diant Point C for it is ealy to prove, that if 
Rays diverging from C are reflected as di- 


| verging 
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verging rs E, all the Angles of Reflefion 


ſal by ſeverally equal to their Angles of 


Incidence. 
Let ARB hea Convex Spherical Mirrour, 
C its a YE D = xj paling thro; 
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C che Ge of che Sphere bnd chebogh 


R the middle of the Mirrour ;. and let Q 

any 9 1 oint in or near the Axis; then 
makin qual to EC, and taking E q 
in ſuc RE; ortion to FR, as FR — to 
FQ, the 45 q ſhall be the Vertual Focus 
to the Radiant Point Q, and the Angles of 


Reflectiom ſhalt be 'qqual"to the Angles of 


Incidence. \ 

If the Point Q be at an infinite Diſtance; 
the Point q Hall fall upon F. 

Let MQN be any Object placed near the 
Axis, q.the Focus of Q, found as above, m 
the Focus of M, and n the Focus of N, found 
by the like Proportion ſo ſhall mqn be the 

P 2 Oye 
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In he rod, the Image is always 
leſs than the Object; becauſe the Perpendi- 
culars M C/N C, converge, and the Image 
always galls between tlie Point of Con- 
courſe and the Object. ha} 
Let AR B be a' Concave: Mirrour, C its 8 


Center, ne Its re make CE Fequily to 1 


$1909 22 
A. ginn ns 3 . the 
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"FR, and let Abe any radiint Point between | 
R and E; then raking, F in ſuch Propdt- wm, 
tion to FR, as FR has to FQ, the Poin 


9 hall be the Vertual Focus, making the 
\ eve 


5 A. | — N 
ſeveral·Angles of Rebedion equal aachen | | 
reſpective Angles of Incidence. e 03 ww = | 

Let MQN be any Object placed nei he il 
Axis of my e Mirrour A R N He | 
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has o 


the Fri qm and n be found as above; 4 | 
ſhall mn be the Image or Repreſentati n of 
the Object MN. 
In this Caſe, the Object will be lels than 
the Image, becauſe the Object is nearer to 
the Point C, from whence 1 Perpendi- 
culars Om, Cn, diverge. | 
Let Z be a radiant Point N C and 
F; then taking F in ſuch Propottion toFC, 
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is FC bis to PZ, the Poigt 2 ſhall be tie Fo: 


cus to which the Rays ſhall converge after 


Relleaion, 


Aud if E be the radiant Point, 2 ſhall be 


its Focus, taking FL in ſuch Proportion to 
FC, as FC has to BZ. | 
Wherefore if the radiant Point be at infi- 
nite Diſtance ;/ that Is, if the Rays are pa- 
rallel to the Axis, the F ſhall be the 
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It is evident. that the Spectrum. muſt 6. 
PR. becauſe the Point C, where the 
Pe:pendiculars interlect, falls berwern . | 
Objea and the. Spelfrum⸗ | 


Of Corovs. | 
1. Tu EN ys of Light are Streams Gf K. 


thereal Eflupia, all of which are ex- 


ceeding ſmall, though not all preciſely of 
the lame Bignefs, 


2. Of ſeveral Rays emitted with the "A : 
Velocity, the ſmaller will beinfluenced and 


acted upon by any given Force, mare Gan 
the larger, 


. Wherefore, the Attraction and Repul- 
ſion of tlie ſame Body {hall act more upon 


{ome Rays, than upon others, ena ie 


Circumſtances. 

4. Of two refracted Ray s, ** ſmalleſt 
hal be reſracted moſt, nd is thereforedaid 
to be morę refrangible than the other. 

5. Of two Rays whaſe Angles af Incidence 
upon any tranſparent Body are equal, che 
ſmaller may be reflected — the larger js 
tranſmitted; and therefore che ſmaller is aid 
to be more reflexctble.  - 

6. The more refrangible Rays excite 
ſmaller Vibrations, and the leſs refrangible 
Rays excite larger Vibrations ia the Optic 
Nerve; wherefore each different Degree of 

P 4 Re- 


/ 
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Refrangibility occaſions a different Senſation, 


Rays endued with different Degrees of Re- 
frangibility, are called Heterogeneal, 
8. The Light of the Sun conſiſts of Hete- 
rogeneal Rays, amongſt which all thoſe that 


are Homogeneal exhibit the ſame. Co- 


-lour, and all thoſe that exhibit different Co- 


Joursare Heterogeneal; and each Ray exhi- 
bits its proper Colour anſwering to its De- 


gree of Refrangibility, which Colour can- 


not be changed by any Refractions or Re- 


flections whatſoever. IR | 
9. The {imple primary Colours are ſeven; 
Red, Orange, Yellow, Green, Blue, Indico, 
Violet; the greateſt Degree of Reirangibi- 
lity belongs to the deep Violet, the leaſt De- 
gree of Refrangibility belongs to the deep 
Red, and intermediate Degrees of Refran- 
gibility to the intermediate Colours. 


10. A proper Mixture of all the ſeven 


5 


primary Colours makes Whiteneſs. A Mix- 
ture of ſome of the primary Colours pro- 
duces à compound Colour, which in ſome 
Caſes is like, and in other Caſes unlike to 


the Colours of Homogeneal Light. 


11. All compound Colours are mutable, 
and may be again reſolved by Refraction in- 
to the primary Colours of which they were 
er A I 


, 7. Rays endued with the ſame Degree 
of Refrangibility, are called Homogeneal ; and 


12, All 


Cam). 

12. All Colours in the Univerſe, which are 
made by Light, are either the primary Co- 
lours, or Colours compounded of the Pri- 
mary; for Reflection or Reiraction cannot 
alter the Colour of any one Ray, 

13. Any Surface, from. whence no Light 
is reflected, appears Black, - ' 

14. The Sine of Incidence and R efraction 
of the moſt retrangible or Violet Rays, in 


paſſing out of Glaſs into Air, is as 5010/98; 


the Sine of Incidence and Refraction ot the. 
leaſt refrangible or Red Rays, is as 5910 77; 


though. hitherto the, Sine of Incidenge and 


Retraction out of Glaſs into Air has been inac- 
curately expreſſed in {mall whole Numbers 
by the Proportion of 2 to 3, or 59 to . 

15. The Proportion for the Refraction of 


Water and Air in the leaſt refrangible Rays, 


is 81 to 108; in the moſt refrangible Rays, 
81 to 1979. 


This Theory of Colours is principally 
founded upon the Phenomena of thoſe Co- 


lours, which are exhibiced by the Rays of the 
Sun tranſmitted through a Glals Priſm, | 

For the right underſtanding thoſe Phæno- 
mena, it is neceſſiry firſt to -know how the 


Sun's Rays would be refracted by a Priſm, 


according to the Laws of common Opti 


cqually retrangibl-, 


which ſuppoſes all the Rays of Light to be 


\ 


* — — — 
4 
* 
o 
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For this Purpoſe T have calculated the fol- 2 


lowing Table, in which it is ſuppoſed, © 
1. That the Refracting Angle of the Priſm 
_ 66 Degrees, 6 70". nu 


2. That all the Rays are equally refrangi- 


ble, and that they are refracted according to 
he Proportion of 3 to 2. | 


* That the apparent Diameter of the | 


Sun is half a Degree or 30 Minutes. | 
4. That the Axis of the Priſm is held per- 
pendicular to the Sun's Rays, and parallel 
etched 1 N 
. That the upper Surface of the Refract. 
ing Angle is at firſt held parallel to the Ray 
proceeding from the lower Limb of the Bod 
of the Sun; and that the Priſm is gradually 
turn'd about its Axis, till it arrives ſucceſ- 
 fively at the ſeveral Situations number'd in 
the firſt Column of the Table, 1, 2, 3, 4, Ct. 


The ſecond Column ſhews, at each Situ- 


ation of the Priſm, the Angle of Incidence 
of two Rays, one proceeding from the up- 


per, the other from the lower Limb of the 
Sun's Body. | 


The third Column ſhews the Angle of 


Refraction, in which thoſe two Rays emerge 
out of the lower Surface of the Refracting 
Angle of the Priſm. _. * 
The fourth Column ſhews the perpendi- 
cular Height of the Spectrum, the Diameter 


of the Hole at which the Rays enter being 
firſt ſubſtracted. __ 


& .. * 


ww} l 


The fifth Column ſhews how much the I 
Spectrum deſcends or aſcends, and where it 1 
is ſtationary.” ab ; | 

a [ ” 0 "g 's | Heipht of | Deſcent ant] 
| | 2. 75 * . —_ — 
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From the foregoing. Table it is evident, 


1. That from the firſt Situation of the 

Priſm to the ſixth, the Spectrum deſcends, 
becauſe the Alterations of the Angles of In- 
cidence are greater than the Alterations of 


> 


6 


the Angles of Emergence. 


2. That from the ſeventh Situation to the 


luaſt, the Spectrum aſcends, becauſe the Angles 
of Emergence alter more than the Angles of 
lui 5:5: D ini rf 4 Wo 
3. That at the ſeventh Situation, the Spe- 
ctrum is ſtationary. * | 9 9 
4. That the Altitude of the deſcending 
Spectrum ſubiends an Angle leſs than the ap- 
parent Diameter of the Sun; but the Altitude 
of the aſcending Spectrum ſubtends an Angle 
greater than the apparent Diameter of the Sun. 
5. That the Height of the Spectrum, in its 


Stationary Situation, ſubtends an Angle at 


the Priſm (of thirty Minutes) equal to the 
apparent Diameter of the Sun, 


il 
- 


Note, That in the Stationary Situation of 


the Spectrum, if we conſider only that Ray 
which proceeds from the Center of the Sun's 
Diſque, the Angle of Refraction into the 

Priſm, and the Angle of Incidence in paſſing 


cout of the Priſm, are ſeverally equal to half the 


refracting Angle of the Priſm; and the Angle 
of Incidence at the firſt Surface, is equal to 


the Angle of Emergence at the ſecond Surface. 
Thus the Rays would be refracted ac» 


cording to the vulgar Laws of Optics ; but 


1. That 
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Is That the Height of the Stationary Spe- 
frum ſubtends an Angle at the Priſm of rwo. 
Degrees twenty Minutes, which is one De. 


gree and fifty Minutes more than the com- 


mon Laws of Optics can account for. 
2. That the Top of the Speckrum is Violet, 
the Bottom Red, 2nd the Middle adorn'd 
with the hye other primary Colours in 
their Order. 
3. That the An ole of Incidence of hates 
rogeneous Light upon the ſecond Surface 
of the Priſm being, thirty Degrees, (whoſe 
Sine is five hundred ſuch Parts, of which the 
adius contains a thouſand) the Angle of 
Emergence of the moſt Reftangible is 3 Deg, 


16 Min. of the mean Refrangible 30 Deg. 


9 Min. and of the leaſt Refrangible 56 


g. 2t Min. whole Sines are 778, 715 
and 770. | 


of the Permanent Comin of v.. 


TURAL BODIES. | 


1. FF the Thickneſs of a Plate of Air. in 
I cloſed between two Glaſs Priſms, be 


| leſs than half the Interval of the Fits of 'Re- 
the upper Surface of the lower 


fraction, 
Priſm ſhall loſe its reflecting Power; for the 
Rays which are put into Fits of Refragion, 
as they enter the Plate of Air, will arrive at 
the lower Priſm before they are our of thoſe 
Fits, and ſo be tranſmiited. | by A 
2. 


* — 


= 


E 


„ The Tad of Kali and Rez 
tardarion, and conſequently the Intervals of, 
the Fits of Reflection and RefraQion, are 


leaſt in the moſt Refrangible 1 6h juſt 38 


the accuteſt Sounds produce the ſhorteſt 
Pulſes or Vibrations in the Air; 

1 Ik the Thickneſs of the Plate of Air b 4 
equal to half the IntervaFof the Fits of the 
moſt Refrangible Rays, then the Violet Rays' 
ſhall arrive at the lower Priſm in. Fits of Re- 


flection, and To: 158 bur Al orher, J 
4 N 


Rays ſhall be tranſmitted, 

4. If che Thickneſs of the plate o f Air 
be equal ro; half the Tateryal, of the Fits of 
the mean Refrangible Rays, then the Violet, 
Indico, Blue, and Green Rays, ſhall be tes 


flected, and by their Mixtutc exhibit a come 


bound Blue; but the Yellow, Orange 'and 
Red Rays ſhall be tranſmitted and exhibit 
on the other Side a yellowiſh |" a 

5. If the Thiekneſs of the Plate of Air 
be e to Half the Incervat of the Fits of 


the moſt Rn nan der then all the ſeven 


Primary Golours mall be refleGed and exhi- 
bit White. 


6. It the Thickneß of the Plate' of Air 
be ſomewhat greater than half che Interval of 
the Fits, added to the whole Interval of Res 
flection ot the moſt Refrangible Rays, chen 


the Violet Rays hall begin to be in Fits k 
Refrection before they arrive at the lower 


Surtace, and ſo be tranlmitted; and the other 


Pri- 


„„ „ 0 r eee 
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Primaty Colours continuigg ſtill to be tes 
flected, ſhall compound a Yellow, which, as 
the Thickneſs of the Plate is increaſed, and 7 
the other Colours ate ſucceſſively rranſmirted, 
ſhall at laſt turn to Rd. bi 
7. In like manner, as the Thickneſs of he 
Air is gradually augmented, the Red ſhall 
dilappear 5 and 4 ſecond Order of: Colours 
proceeding from the ſecond Fit of Reflection, 
ihall be ſucceſſively reflected and tranſmitted. 
8. Colours of the third and following 
Orders ſhall interfere with each other more 
and more at every Fir, becauſe of the Inequa- 
lity of the Intervals of the Fits of different 
forts of Rays; and hereby a great Variety 
of compounded. Colours ſhall be reflected, 
continually growing more dilute and im⸗ 
perfect, till at laſt all ſorts of Rays being pret- 
ty equally ixt and reflected at the ſame time, 
thing thall be ſeen but an even White neſs. 
9. 80 alſo, if a thin Plate of Water or 
Claſs be encompaſs d with Air, the like Co- 
lours ſhall be reflected by the Attraction of 
the lower Surface of the Glaſs or Water, ac- 
cording to the Thickneſs of the Plate. 
10. Colours of the ſame Kind and Order 
reflected from a Plate of Glaſs or Water, are 
more bright and vivid than thoſe refleged 
from, a Plate of Air, becauſe the Attracting 


Force is ſtronger chan the Repelling Force 
of t the lame * | 8 


| 4 | 


1 
＋ 
5 
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; 

1 

? 
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For if dhe Aurzaing and Repelling Forces 
were equal, any Ray refracted into a denſes 


Medium would be equally: inclin'd to the 
Perpendicular with the Incident Ray; and 


if the Repelling Force were greater than the 
Attracting Force, the Ray would be refracted 


from — Perpendicular in entering into 4 
denſe Medium, and towards the Perpendi- 


cular in paſſing out of it. 


11, It, is farther W that the 
Colours reflacted from ' a Plate of Air, are 


conſiderably changed by changing the Oblt- 
quuy of the Eye ta the reſſecting Plane; but 


the Colours reflected from a Plate of Glaſs or 
Water are very little alter d by the Alteration 
ok the Obliquity of the Wel Hence it fol- 


lo ws: 1 1 


. That all Bodies will appear bree 
(by ihe firſt Article) whoſe Parts and Inter- 
ſtices are tog ſmall to cauſe Reflections in 


the ir common Sur faces. 


2. That the tranſparent Parts of Bodies ae 
cording to the ir ſeveral Sizes reflect ſome ſorts 


of Rays, and tranſmitt the reſt; (as thin tranſ- 


patent, Plates do) and that each Body ap- 
pears to be of; that Colour, whether Primary 


or Compound, which reſults. from the refle- 


acd Rays: This is evident from the ninth 
Article. 


+ the That the” Parts of Podies — which 
their Colours d: * are denſer than the 
Echereal 


with, „c 1 p-Þ _ | 
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#thereal Medium which pervades theit 


Pores ; and that, cæterit paribus, the Co- 
lours are briskeſt where the Parts are denſ- 


eſt, This appears from the roth and z1th 
Articles, 


4. That the component Particles of thoſe 
Bodies are greateſt, whole Colours are moſt 


dilute and compounded, as may be ſeen from 
the 8th Article. 5 

5. If the Particles and Pores of a Body 
are ſo ſmall as to reflect no Light, and yet 
ſo large as variouſly to refract the tranſmitted 
Light from one Particle to the other, till 
it be ſtifled and loſt before it can paſs thro 
the Body ; ſuch a Body ſhall be opaque and 
black, and (by reaſon of the Smalncts of its 
Parts, and the Multitude of Refractions) ſuſ- 
ceptible of the Influence of Warmth and Heat. 


Of Colours: the Crouss, and 
ef the RAINBOW. | 


W HEN Vapours are firſt raiſed by the 
Heat of the Sun, each fingle Par- 
ticle is endued with a repelling Force, which 
keeps all other Particles at a Diſtance ; and 
therefore tlie Atmoſphere continues tranſpa- 
rent, notwithſtanding the Vapours that are 
ſuſpended in it, becauſe each ſingle Particle 
is too ſmall to cauſe Reflections: i 

a 2 but 
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bat when the Vapoursof the Atmoſphere 


begin to be condenſed by Cold, and the 


ſingle Particles begin to unite with each 
other, and to form aqueous Globules of 
different Sizes; thoſe Globules, according to 
their ſeveral Sizes, ſhall tefte& ſome Colours, 
and tramſmitt others, and thereby conſtitute 
Clouds of various Colours. | 
From thele Principles we may allo ac- 


count for thoſe Crowns, or Concentrick 


Rings of Colours, with which the Sun and 
Moon ate ſometimes encompaſs'd. For let 
us ſuppoſe the Sun to ſhine thro? a thin Cloud, 
compoſed of aqueous Globules all of the ſame 
Bigneſs; this being ſuppoſed, it is certain, 
t. That thoſe Rays which paſs thro' tlie 
Globules, that are ſituated directly between 
the Sun and the Eye, paſs thro” the Centers 
of thoſe Globules without any Refraction. 
2. That the Light which is refracted to 
the Eye, from thoſe Globutes that are hot 
ſituated between the Eye and the Sun, does 
not paſs thro' tlie Centers of the Globules. 
That the more remote the Globules are 
from the direct Situation, the greater is the 
Diſtance of Light, in its Paſſage. chro' them, 
from their Centers. mn 
That the more remote the-Paſſage of 


the Ray is from the Center of the Globule, 


the ſhorter is that Paſſage. Wheretore,. 
5. The Paſſage of Light thro' the Glo- 
bulcs 
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bules is ſhorter, as the Diſtance of the Glo: 
bules from the direct Situation is greater. 
Hence it follows, 2 

6. That if we ſuppoſe tlie Globules to be 
of ſuch a Bigneſs, that one of the leaſt re- 
frangible Rays, in paſſing thro' the middle 
of the Globule, ſhall have (for Example) 
250 Fits of Refraction; then at a certain 
Diſtance from the direct Situation, the ſame 
ſort of Rays, being refra&ed to the Eye, 
{hall have only 249 ſuch Fits in their Paſſage 
thro' the Globule; and at a certain farther 


Diſtance, only 248 Fits; and at a certain 


farther Diſtance, only 247 Fits, &c. The 
like is to be underſtood of the intermediate 
and moſt refrangible Rays, only that the Di- 
ſtances are greater in the more refrangible 
Rays, becauſe in ſuch Rays the Interval of 
the Fits is greater, | | 
7. At ſuch Diſtances therefore as are de- 
ſcribed in the laſt Article, the Sun ſhall ap- 
pear to be encompaſſed with certain Rings 
of Colours, whoſe concave Part ſhall be 
Blue, and exterior Part Red; the firſt Crown 
or Order of Colours being made (as in the 
Example) by the 249th Fir, the ſecond 
Crown by the 248th Fir, the third Crown 
by the 247th Fir, Cc. | * 
8. It may eaſily be proved, that tlie Dif- 
ference between the Diameter of any Glo- 


bule, and the Length of the Paſſage of 2 


2 Ray 
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Ray through it, is equal to twice the Verſed 
Sint of the Angle of Refraction of the Ray 
into the Globute, Wherefore, it the Dia- 
meter of the Globule be ſmall, the greater 
muſt the Angle of, Refraction be to make 
that double Verſed Sine equal to the Inter- 
val of the Fits; and conſequently ſo much 
greater will be the Diſtance of the ianermoſt 
Crown from the Sun. 

9. If the Globules are of different Sizes, 
the Rings of Rays equally refrangible ſhall 
be caſt at different Diſtances from the Sun, 
and 2 heterogeneous Rays ſhall be 
mix d conſequently the Colours dilu- 
tod, or render'd inviſible. 

10. Every exterior Crown is broader chan 
the interior, becaule the heterogeneous Rays 
are ſeparated molt by the obliqueſt Refrac- 
tions; therefore the exterior Crowns ſpread 
more into one another, than the interior; 
and by ſpreading, interfere and mix their 
Colours, ſo that chere is ſeldom more than 
two or three of them to be ſeen diſtinctly. 

I. The more equal the Globules are to 
one another, the more Crowns of Colours 
will appear, aud the more lively will che 
Colours be. | 
As Crowns are made by Colours tranſ- 
witied thro aqueous Globules, fo the Rain- 
bow is formed by Colours reflected from 
the falling Drops of Rain, and therefore ne- 
ver 
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ver appears but when it rains in the Sun- 
ſhine, and is always to be feen by a Specta- 
tor in a due Pofition, when the Sun ſhines 
upon a rainy Cloud in a proper Situation. 
No Colour can appear in any Drop of 
Water, unleſs the homgeneal Rays belong- 
ing to that Colour emerge out of the Drop, 
and fall upon the Pupilla parallel to each 
other: For if the Rays diverge, the Colour 
will be ſcattered and loſt before it enters the 
1 will be found by Calculation, that the 
moſt refrangible Rays emerge parallel out of 
a Drop of Water after one Reflection, at an 
Angle of 42 Deg. 2 Min. and the leaſt re- 
frangible, at an Angle of 40 Deg. 17 Min. 
and the intermediate Rays, at ſome inter- 
mediate Angle. Thus the interior or pri- 
mary Bow will be form d, whole Breadth 
ſhall be 1 Deg. 45 Min. being Purple with- 
in, and Red without. bs 
After two Reflections, the moſt refrangi- 
ble Rays will emerge parallel at an Angle 
of 50 Deg. 51 Min. and the leaft refrangi- 
ble at an Angle of 54 Deg. 7 Min. Hence 
the Secundary or exterior Bow will be form- 
ed, whoſe Breadth will be 3 Deg. 16 Min. 
being Red within, and Purple without. 
The Secundary Bow will be fainter than 
the Primary, becaufe ſome Rays are tran(- 
mitted at every Reflection. 
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Experimental Philoſophy. 


en TALNDENS, 

I. Demonſtrations of the Univerſal Laws of Mo. 

tion and the Force of all ſimple and com- 
pound Machines. 

II. The wonderful Effects of the Gravitation of 
Fluids. Gris; k 

III. The peculiar Properties of the Air, confi 

dler'd as an Elaſtick Fla: | 

IV. The Principles of Opticks, explaining the 
Nature of Viſſon, of Reflect ing and Nefracting 

Glaſſes, and of Light and Colours, according 
to Str Iſaac Newton's Principles. 


NB. That the Courſe will contain not only all 
that is uſual, but likewiſe ſome conſiderable Ex- 
periments which are entirely new ; and that the 
Apparatus itſelf is new and complete, and every 
thing contriv'd according to the lateſt Improve- 
ments. The whole being very diverting and 
uſeful, not only for thoſe who have learnt the 
Mathematicks, but for ſuch as are not at all ac- 
quainted with that Study, by which they may 
with Eaſe and Pleaſure come to the Knowledge 

of thoſe Things which cannot be attain'd any 
other way without great Labour and Applica- 
tion. 7g 


To be perforwd by Benj. Worſter, A. M. and Tho. 
Watts, at the Academy or Accomptant's Office 
for qualifying young Gentlemen for Buſmeſs, in Little 
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\ MECHANICS. 
({Oncerning the Univerſal Properties of 
Bodies. 

Of Matter and Vacuum 

Experiments to prove a Vacuum. 

The Univerſal Lau of Gravitation [- 
plained. | 1 

The Law of Coheſion, or the Attraction of 
the ſmall Parts of Bodies, deduc d from 
the Aſcent of Fluids in ſmall Tubes, -and 
between Glaſs Plates, and Variety of other ; 
Experiments, | 

Experiments concerning the Repulſion of 
the Particles of Matter. 

Of Electrical Attraction and Repulſion. 

Experiments relating to Electrical Attraction. 

The Electrical Phoſphorus. | 
ercurial Phoſphorus. - 

Liquid Phoſphorus. 

Solid Phoſphorus. 

The Light of Phoſphorus augmented in Va- 
CHO, 

Concerning Motion in general. 

a to diſtinguiſh \ Motion from Ve- 
locity. 

Experiments to explain the Nature of, and 
to find the Center of Gravity in all Bodies, 
and to diſtinguiſh it from the Center of 
Magnitude. 

Fhe Experiment of the Double Cone nerolling 


upwards, -* 
Q 4 A 
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A heavy Body, which of itſelf would fall 
from a Table, hinder'd from falling, by 
adding a heavier Body to it. 

Experiments about the Falling, Sliding, and 
Rolling of heavy Bodies. 

Concerning the Center of Motion, 

Concerning the Diſtance and Line of Di- 

rection of a Weight and Power. | 

Experiments to ſhew the whole Myſtery of 
the Feats done by Sampſous, or ſtrong Men. 

of Simple Machines. 

Of Balances, which are either Scales or Stcel- 
yards. 

of the four Kinds of Levers. 

Of Pullies, ſingle and combin'd. 

Of the Wheele and Axle. 

Of the Inclimd Plane. 

Abſolute and Relative Gravity. 

Of the Wedge. 

Of the Screw. 

Compound Engines. ; 

Sails of Ships, Wind- Mills, Water-Mills, Oc. 
explain'd on theſe Principles. 

Experiments to ſhew how Men or Horſes of 
Cy Strength may be made to carry or 
draw a Burthen in Proportion to their 
Strength. 

Experiments to ſhew the Advantage of great 
and ſmall Wheels in Coaches, Carts, c. 

A general Method to determine the Quanti- 
ties of Friction in all Engines. 8 

Ar 
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Sir Jſuae Nemton's firſt Law of Motion de- 
monſtrated. 

That the Compoſition of Forces in ſeveral 
Directions, not contrary to each other, 
13 a new Direction in a Diagonal 

ine. 

An Experiment to ſhew, that the Line of 
the Relative Aſcent and Deſcent of a pro- 
jected Body, is the ſame; whether the 
Place from whence tis thrown be con- 
tinually at Reſt, or in continual uniform 
Motion. 

Objections againſt the Motion of the Earth, 
ſolv'd from this Principle, 

The Centripetal and Centrifugal Forces of 
ſolid and fluid Bodies in Motion, explain d 
and demonſtrated by Experiments. 

Monſieur Des Cartes Vortices exploded. 

Introduction to the Theory of Projectiles and 
Motion of the Heavenly Bodies. * 

How a Body will move, when its Projectile 
Force either yields to, overcomes, or ex- 
actly balances that of Gravity. | 

Sir Iſaac Newton's ſecond Law of Motion de- 
monſtrated. 

An Experiment to ſhew that the Velocity of 
Falling Bodies is as the Times, and the 
Spaces gone thro' as the Squares of the 
Times of Falling. 

The Force of Reſiſting Mediums conſidered. 


: 
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A curious Experiment to explain the Foun- 
dation of the Art of Gunnery. 

The Nature of Fortification explain d from 
a large and curious Plan, ö 

The Moon's Motion explain'd from the Do- 
rine of ProjeQiles. 

The Motion of 17 Planets and Comets de- 
duc'd from the fame Principle. 

The Solar Syſtem explain d. 

The Tides, and Phalcs of the Moon demon- 
ſtrated. 

Experiments with the Load. ſtone. 

Experiments concerning, the-Deſcent of Box 
dies on inclin'd Planes, being an Introdu- 
. Ction to the Theory of Pendulums. - 

[bead ao concerning Pendulums, 

Center of Oſcillation explain. | 

A Cycloide deſcrib'd. ori 

Cycloidal Cheeks for Pendutums, Ms 

The Motion of Pendulums alter d by Heat 
and Cold. 

That the Motion of Waves in the Sea an- 
ſwers to the Motion of a Pendulum. 

Sir Jaa Nemtons third Law of Motion de- 
monſtrated. 

Flying and Swimming accounted for. 

Of the Nature and Cauſe, of Elaſticity. 

How. todeſtroy the Elaſticity of ſome Metals. 
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HYDROSTA TICS. 


(Hg Fluids in general,” | 
Experiments to prove that Fluids gra- 
vitate in the Fluids of the ſame kind. 

That Fluids of different Kinds gravitate upon 
each other, 


That Fluids preſs in all manner of Directions 
at the ſame time. 

That the Quantity of that Preſſure. in all 
Fluids is proportional to the perpendicu- 
lar Height of the Flutd in all Parts of the 
containing Veſſel. 


That any given Quantity of Water, tho” 
never ſo ſmall, may be made to. preſs 
with a Force equal to any given Weight, 
tho' never ſo great. 

To raiſe any giyen Weight by the Force of 
a Man's Lungs only, provided he blows 
thro' a Tube proportionably ſmall. 

An Experiment of Lifting a Weight by a 
Chain of inflated Bladders, apply'd to 
Muſcular Motion. 

Several other Experiments to explain the 
Hydroſtatical Paradox. 

Experiments to ſhew how high, and why. 
Water will riſe in Fountains-arid oblique 
Jets, and the beſt way of making ſpout- 


ing Pipes. 


The Expence of Water ſpouting from equal 
Holes at at any given Diſtance from the 
Surface 
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Surface computed, and ſhewn to be as the 

ſqure Root of thofe Diſtances. 

The Working of Syphons, ſucking, forcing, 

and lifting | Pumps explain'd, 

Experiments to ſhew that Bodies heavier than 

Water, when weigh'd in Water, loſe as 
much of their Weight as is equal to their 
Bulk in Water; and Bodies lighter than 
Water will ſo ſwim in it, that a Quantity of 
Water equal in Bulk to the Part immers'd, 
will be equal in Weight to the whole Body. 

How upon theſe Principles Lead, or any Me- 
tal, may be made to ſwim in Water, de 

even rais d up by it. 

The Hydrometer. 

The Hydroftatical Balance to determine Spe. 
cthick Gravities. 

Glaſs Bubbles accounted for. 


PNEUMATICS. 

Þxperimens concerning the Nature of the 

Air in general. 

That the Deſinty and Spring of the Air is as 
the Force that compreſſes it. 

That the Preſſure of the Air decreaſes, ace 
cording to its Diſtance from the Surface of 
the Earth. 

Cupping Glaſs. 

The Rating and Falling of the Quick- Silver in 
the Weather Glaſs, explain d and accounted 
for. | 

The different. Sorts of Barometers. 


Ther- 
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Thermometers and Hydrometers of ſeveral 
Kinds. 

The Effect of high Winds on the Barometer, | 
ſhewn by aa artificial Storm. . 

The Air-Pump, and Manner of its Work- 
ing, explaind. 

Several Experiments, which directly pr 
che Weight, Preſſure and Spring of the 
Air, by breaking Glaſs-Vials, the Senfe 
of Feeling, the Phenomena of Bladders, 
Glaſs Bubbles, Fountains of ſeveral ſorts, 
and the Diving Bell, 

Barometers in Vacuo. 

The famous Experiments, with the Hcmil- 
pheres. 

Wind Gun. | 

The ſurprizing Motion of fever Sorts of 
Liquors in Vacuo. 

Experiments with the Condenſing Engine. 

Experiments to. prove, that Sound can't be 
convey'd without Air, and that 'tis increas'd 
or diminiſh'd, according as the Air is ra- 

rify d or condenſed. 

That Fire and Flame are fed by the Air. 

That Gun-powder is fir d in Vacuo, without 
any Exploſion. | 

The Effects of rarify d, condens'd, and burnt 
Air upon the Lite of Animals. 

The Force of rarify d Vapours in railing Wa- 
ter by Fite, &c. 

With vin other curious Experiments. by 
the Air-Pump. OPTICS 
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2 the Nature and Motion of 
ight. | 
Of Viſion i in general, | 
That when Rays of Light are refleed, as 
Angle of Incidence 1s _—_ to thac of 
Reflection. 
Of Plane Mirrors. 
The ſeveral Reflections from two Serbe of 
Looking: Glaſſes conſider d. 
Of Concave and Convex Mirrors. 
A Concave Cylindric Mirror. 
A Convex Cylindric Mirtor. 
Cylinder and Picture. 
The Cauſe and Law of Refraction , Explain'd 
by Experiments. - 
Multiplying Glaſſes. . 
Experiments to ſhew the Nature of Conch 
and Concave Glaſſes, and the manner of 
the Rays of Light paſſing through them, 
and uniting in their Focus's. 
how to find the Focus of a Lens, and whe- 
ther it be truly center d. 
Water made to burn, by e the Sun's 
Rays into a Focus. 
Camera obſcura. 
The Magic Lanthorn. 
The Pitfection of the Eye. K 
The Faults of Rum ſhew'd by an Inſtru- 
ment. 


| Expe- 


3 7 
Experiments to ſhew how the ſhort-ſighted, 
and old Eyes, may be help'd. f 
Th N why both Eyes ſee things only 

ingle. 
The Nature and Uſe of Microſcopes and 
Teleſcopes. | = 
How to meaſure the Refraction of any ſort 
_ of Liquors. OM 
An Experiment to meaſure the Refraction of 
the Air. 
A new and moſt curious Experiment to ſhew 
the Circulation of the Blood in the Lungs 
of a Frog. | 
Sir Iſaac Newton's Theory of Light and Co- 
lours prov'd by Experiments, 5 
Experiments to ſhew the Cauſe of the Rain- 
bow. 
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The Charge of going the Conrſe is two Guineas and 4 
| Half; one on Subſcription, the Remainder the third 
Day of the Courſe. 

There wall be frequent Courſes 5 and Subſcriptions 
continually taken in at the Place of performing, at 
Mr. lanys's, Bookſeller, near S. Pauls Church, ard 
at Mr. Clarke's, Stationer, in Birchin- Lane, near 
the Royal- Exchange. a 

Thoſe that are deſirous may go over the Courſe ag ain 
for one Guinea and a Half; and afterwards as often 
« they pleaſe gratis. 


ADVER- 


ADVERTISEMENT. 
T7 Oung Gentlemen are completely-qualify'd for Buſineſs after a 
new and approved Method, free froni the Interrupt ions and 
Loſs of Time in common Schools, at the Academy or Accomp- 
rant's Office erected for that purpoſe in Little Tower-ſtreet, 
where they are rationally taught to the utmoſt Perfection, Wri= 
ting, Arithmetick, and that moſt excellent manner of Books 
keeping by the double Entry cal d Merchants Accounts, from 
the Methods of Uſe in real Buſineſs ; by Tho. Watts, Author 

of the Eflay on the proper Method for forming the Man of 
Bufineſs. Mere alſo all Parts of the Mathematicks are Taught, 
and Courſes in Experimental Philoſopby perform'd, by Benj. 
Worſter, M. A. and Tbo. Watts, Likewiſe any other Qualifi- 
cations may be learnt, as French, a Maſter reſiding in the Houſe; 
and D awing, Mr. Lens attending three Times a Week, © 


NB. There ar al handſome Conveniencies for Boarders in 
a well regulated Family, and large airy Houſe, lately Sir John 
Feet's, „ 
f Fe | Where may be had, 
An Eſſay on the pt 


| Met bod of Forming the Man Buſineſs 
in a Letter, &c. By Tho. "—_— * J, 
1 | 


A Treati/e of Mechanicks, or the Science ofthe E e&s of Powers 
or Moving Forces, as apply d to Machines; demonſtrated from itt 


fiſt Principles. Done from the French of Morfieur Rohault, 
„ Tho. Watts. 


— | 
. O * 
| — 
* p * 
a © 7 YET RUE 2. 
pong — 59 PIN * 
\ + 4 / - TH * = — 77 4 7 
* * : * 5 2 : — 7 - 
_ _ [a UUSS£7 e k 2 
1 8 / LOLLI TE EITIITET * a 
AO 0. "EET | 
_— E * 
— p * 8 


FIINTY 


a * "4 3 4 \ 3 TEE | SAT, 8 TEN 
by r is \ „5 ERICTS e . * = Sa = La_—_  L-9 . 


